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THE EFFICACY OF INTENSIFIED REWARD AND 
OF INTENSIFIED PUNISHMENT! 


BY IRVING LORGE 
Teachers College, Columbia University 


WITH THE ASSISTANCE OF THE STAFF OF THE DivisIONn oF PsyCHOLOGY OF THE 
INSTITUTE OF EDUCATIONAL RESEARCH 


Rewards and, presumably, punishments are important 
means used by society to reach ends in the learning of infor- 
mation, the acquisition of skills, and the development of 
attitudes. So important are these means, that any experi- 
ment designed to determine the efficacy of rewards and 
punishments needs no imposing array of argument to justify 
the effort. The results, if reliable, are their own justification. 

Thorndike (?32) has demonstrated the potency of an after- 
effect of a connection to change learning. ‘These after-effects 
in the form of symbolic statement Right for correct responses, 
and of Wrong for incorrect responses do affect the course of 
learning. The efficiency of a Right differs materially from 


that of a Wrong. Thorndike finds that 


‘By any reasonable estimate of the expectation by chance, it will still be true that 
the learning occurred only by strengthening of the announcement of Right, the wrong 
response doing more harm by occurring than good by being punished by Wrong” 
(p. 291). 


So important is this generalization concerning the differential 
effect of a reward and of a punishment that additional experi- 
mentation is needed if only to add to the mass of evidence 


1 This investigation is made possible by a grant from The Carnegie Corporation. 
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already accumulated. If “‘annoying after-effects are not 
dynamically the opposites of satisfiers, but more specialized 
in their action”’ (p. 313), we must assay annoyers and satisfiers 
for their bearing upon teaching, business, penology, and the 
kindred fields of human endeavor where improvement from 
some status is sought. 

The differential effect of rewards and punishments, if 
substantiated, must result in changes in the technics in 
teaching of individuals, in the disciplining of malefactors, in 
the securing of efficiency in industry, and in the development 
of ideals in society. 

Thorndike has arrived at his results through the use of 
symbolic rewards and punishments. The results are im- 
portant for life in general, since most of the annoyers and 
satisfiers that operate in civilized communities are symbolic. 
In many instances, however, society and individuals have 
sought to intensify symbolic incentives to action, in the 
belief that if little palliates, much cures. 

These experiments, though of the same general nature as 
Thorndike’s in that the multiple choice form is used, differ in 
at least four particulars: 


1. A variety of materials differing in meaningfulness is used. 
2. An intensified reward, and an intensified punishment is 
employed. 
. The initial chance of rightness or wrongness is equalized. 
4. The after-effects are compared for stimuli having similar 
histories. 


w 


Accumulation of results from diverse materials will demon- 
strate the differential after-effect of a punishment and of a 
reward. Five types of material, all of the multiple choice 
form, are used. One type is, concerned with vocabulary 
learning of real words; another, with the connecting of non- 
sense words with real words; a third, with the connecting of a 
nonsense symbol with a thought-of number; a fourth, with 
connecting the position of a particular nonsense syllable with 
the whole line of four such symbols; and a fifth, with con- 
necting the position of a particular two-lettered syllable with 
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the whole line of four such di-letters. Samples of the 
materials used are shown in Figs. I to 5. 


21. arder help. ...buckle....burn....hoard....supply asta ial: a 

22. argado envy... .hope....speech.... howl... .trick aaacee-aae 
23. asa fair... . handle... .loving. ...rebel. .. .elbow 23 
24. astaco peach... .hardness....meteor....auburn. .. .lobster piake nse 
25. asueto vacation... .castle....river....custom. ... readiness 25 


Fic. 1. Spanish word to meaningful English word. 


— aptitude dea (nore . ALants, Surwwral 
thar ehiAt cn Le Taf necke Swarr 

aay sonal Acu Pomme jawbone Kang frsicn 
fer 0 an gunk Q tid Auanse beavesh 


Co Con A cwarb rng, Gpemce Hhroddeck 


Fic. 2. Nonsense word to meaningful English word. 


We) SE 


ex eyex @ x 


ORnow 


Fic. 3. Nonsense symbol to thought-of number. 
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Qe 


on fe ib. of 
ur af Ne tr 


Qe vas ax 


Fic. 5. Position of a di-letter to the whole line. 


To intensify the effect of the symbolic Right, a slight 
money reward was added to the- satisfaction of correctness. 
To intensify the effect of the symbolic Wrong, an electric 
shock was added to the annoyance of wrongness. Intensifica~ 
tion of after-effects should cause the right response to be 
repeated more than is likely by chance. If a wrong response 
does more harm by occurring than punishment of it can 
offset, then this experiment with intensified punishment should 
give a crucial check on Thorndike’s findings. 

Equalization of chance at initial trial to avoid the con- 
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sequence of overweighting failure or success was secured by 
reducing the number of choices from five to four, and by 
arbitrarily having two rights instead of one. In any line of 
nonsense words to meaningful English words, a subject has an 
equal chance of getting a right or a wrong response in trial one. 
The limiting set-up of two choices, with one right and one 
wrong, would have given the same equalization of initial 
chance. Such a set-up suffers, however, from the difficulty 
that a statement of a wrong for one response is tantamount 
to saying the other is right. ‘These experiments in general, 
then, have possibilities of two rights and of two wrongs in 
trial one. 

Some one hundred subjects participated in these experi- 
ments. In general, we take the common-sense viewpoint 
that if the average status of the subjects who participated in 
an experiment is, at trial five, an improvement over the 
initial status, learning has taken place; and that if no such 
improvement has occurred, no learning has taken place. 
(Any other reasonable criterion by which learning is distin- 
guished would be satisfactory.) Therefore, in any experi- 
ment, if the entire group on the average showed no improve- 
ment, the records of the group were not used for reward- 
punishment comparison, although such records may be very 
useful for other problems. 

The records of each subject were scored in terms of right 
and wrong, and since there were two rights and two wrongs 


for each stimulus, the responses were scored as either C, or Cy 
or as X, or X2 where 


C, for every stimulus represents the right response first in 
order on the key, and 
C, for every stimulus, the right response second in order; 
X, for every stimulus, the wrong response first in order on 
the key, and 
X,» for every stimulus, the wrong response second in order. 
Table I gives an example of how each subject’s responses 
were scored in terms of the C;, C2, X;, X2 symbolism. 
For every experiment there is a record such as Table 1, for 
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TABLE 1 


Tue Responses oF Supject Le 1n ExPeRIMENT ONE WITH THE KEY AND THE TRANS- 
LITERATION OF THE RESPONSES IN TERMS OF THE C; C2 X; X2 SYMBOLISM 














Actual Responses Respon i i 

Order of Pre- at Trial C1 C: xX YX 2 poe oe eg Trial 

Key* sentation of 

Symbols in 
_* I 213/41 5 I 2/3]4| s 
3,4 I 3 3 3 3 3 1G ),a)a)]q {CG 
1,4 2 2 4 4 4 4 Xi Cy C, Cy C2 
7 3 3 2 3 3 3 C2. |} X1 | Co | GQ | G 
I, 4 4 2 3 4 3 4 | 4% | X | GQ | w®| G 
3 5 3 2 2 2 2 CG | GQ C GQ | CQ 
2 6 4 4 4 3 2 Xo | X2 | Xe | XM | Gy 
1,3 7 I I I I 2 C; C; C; Cc, | X 
$4 8 I I 2 3 3 Xi | X% | X2 | GA | GQ 
2,3 9 3 I I 3 3 C2 |X | X | Co | CG 
2,4 10 4 3 3 4 2 C2 Xe Xe C2 C 
2 II 2 3 3 3 3 21 Ga! atata 
2,3 12 4 3 4 3 4 X2 | Co | Xe | Co | Xe 
1,2 13 2 2 2 2 2 C2 | C2 | Co | Co | Cy 
I, 3 14 413 | 3 3 | 3 | xX] GQ] GQ} a]a 
I, 2 IS 3 2 2 2 2 Xi C2 | Co | Co | Cy 
1,4 16 4 4 4 4 4 C2} Co | Cy | Co | Cy 
2, 4 17 3 sas 3 | X2 | X2 | Co | Xe | XM 
a4 18 4 3 3 I 3 C. | Xo, | Xe | X | Xe 
2,3 19 4 4 4 2 2 Xe | X2 | Xe | Cy C) 
1,4 20 I 2 2 I I CQ, | X% | XY GQ | CQ 






































* If the subject responded with either of the two numbers of the key, he was told 
Right and given a token worth one tenth of acent. If he responded with either of the 
two numbers not on the key, he was told Wrong and given an electric shock. 


each subject who participated in that experiment. Table 2 
summarizes and analyzes the ten such records of Experi- 
ment I. 

The analysis of the records in general will be illustrated 
by the analysis of the records of the ten subjects reported in 
Table 2. This illustration is interpolated primarily to allow 
the reader to follow the argument with actual data. 

The C,C, row shows by individuals the number of cases in 
which a C, response in trial 1 was followed by C; in trial 2. 
The C,-other row shows the number of times that a C; 
response in trial 1 was followed by a different response in 
trial 2. Similarly the C.C, row gives the number of cases in 
which a C, response in trial 1 was followed by C, in trial 2; 


AR Sei 


" 
a 
% 
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and C,-other indicates the number of times that a C, response 
in trial 1 was followed by some other response in trial 2. In 
like manner, the table shows how many 4X, responses in trial 1 
were X;, in trial 2, or were followed by any other response in 
trial 2. It also shows how many X,2 responses are X,X_ or 
X o-other in trial 2. 

To measure the influence of the statement Wrong and the 
concomitant electric shock, the excess over chance of a re- 
sponse differing at the second trial from the initially punished 
response is computed. 

Let X, be a particular wrong response punished at any 
trial, 

Let 4 be any response differing from the preceding re- 
sponse, 

Let the order in which the symbols are written represent 
the history ? of the response to a particular stimulus, and 

Let G, be the a priorz chance that a response other than 
the preceding response will occur. 

Then, the measure of the influence of a single punishment 
will be the relative magnitude of 


XA 
X,X,+ XA 


For the individuals whose records are summarized in 
Table 2, we have 


39 + 29 
(14 + 39) + (19 + 29) 





Ge. 





ie X,4 + XA oo 
~ (Xk + X14) + (X28: + XA)" 
This is identical with the expression 
X,A 
X,X,+ X.4. 


If at the first trial a subject responded with X,, at the 
second trial, he has, in addition to X,, three other response 


2 Thus X,X,4 means that in the first trial, the response was X,; in the second trial, 


the response was again X,; but in trial 3 the response was 4, a response differing from 
X,. XX, may be X1X or X2X2. 
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TABLE 2 





Sympoits—Set 4: Frequency or THE Sequences C,(C,, C,A, X,X., X,A, ETC. FOR 
TRIALS I, 2, 3, 4, AND 5 BY SUBJECTS 















































Ma | Ak | Mo] Tu | La | Le*!} Fo | Du | Wi] Ha Summary 
At Trial 2 
ee 2 2 fe) 2}]10] 2 4 3 3 4 32 
C; other..... 2141] 5 3 Oo]; I I I 3 3 23 
Serre £ ae et ae Crsisisi6géis 25 
C; other....... I I 3 I o|51|4 I 2]1 19 
/ Serre cer ek as Sic tisisieis 14 
yp  Seeere © Lean 2s 91/3 /2]/2]0o0]%4 39 
cS errr £7 e I | 3 SCirsisisisis 19 
pO Cee 6 | 3 I | 3 Oo} 3 1/5 141] 3 29 
At Trial 3 
| errr £ Lk 2 se eisai? sis I 20 
CoG, other..........] 2 2}/o]2 I/oj]j1 210] 3 12 
Tec secsscrcceel OE RTS ER oj; 21/5 siais 15 
C.C, other..........] o | 1 | 3 I Oo|fo;/o];31]4]0 10 
cS ee I | o]fo o|o]j1 2}/o] 2 7 
Apes Cther.........4 @ Tf I | o I}/1]/o]31rf]ofo 7 
OS ee I eis o}/2];/o};of]1fo 8 
X2X_ other.........] 1 | o | o | 1 Oo] I 2 | 3 I 2 II 
At Trial 4 
C,C,C,C,..........., 0 | o | o | o Sisis tisie 17 
C,C,C; other........] 1 oflolo I}o];ofotlo I 3 
CHG... oo veces o};/rj]}2]1 Oo;}/214]o0]2]0 12 
C,C2Cz other........ O}/O0;oO0;o]}] oj} of tr] 1r]oj].1 3 
XiX1X1NX..........| O | O | of o o|/o|1 I} o]t 3 
X,X,X, other.......] 1 I} o]o ojo;t/o;1f]o]f1 4 
X2X2X2X2..........] 1 r/o] 1 o}j/o};/o};oj};1fo 4 
X2X2X_ other.......] O | O | 1 I oOo} 21/o0];o0];o]o 4 
At Trial 5 
oo Oo;/o;o];/o] 8] 1]/2),1]13 40 15 
CiQiG,C,; other......} o | o | o | o oj I 1}/o];fo]fo 2 
C2C2C20.C2.........] O | oO | 24 1 o;j/2;/3]of2]0 10 
C.C,CxC; other......| Oo | 1 | oO | o ojo/;]r1rfoftolo 2 
X1X1X1XiN1... 2... olojfolo o;}o];]tfloj}ofo I 
X,X;X;X, other..... o/l/o!lolo o|loio I fe) I 2 
X2X2X2X2X9....... o1lo!tlol|o Oololtloflofolfto fe) 
X2X2X2X2 other....| 1 SOs o|lfo};o];o]frfio 4 





* The complete record of Le’s responses are given in Table 1. 
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which can be used. They are X2, Ci, Co. Thus the chances 
of obtaining a response other than the original wrong response 
are 3 outof 4. G, is, therefore, .75. 


This allowance, G,, then is applied to correct for the 
influence of chance. We then have 


The influence of a single announcement of wrong with its 
concomitant electric shock is such as to cause this group of 
individuals to change from their originally wrong responses 
less often than we would expect by chance alone. There is, 
on the contrary, a certain perseverance in the particular 
response so punished. 

By extension, the influence of two successive punishments 


for the same wrong will be measured by the relative magni- 
tude of 


X,X,A C 
X,X,X,.+X,X,4  ™ 


and for three successive punishments, and for four successive 


punishments for the same wrong, be measured by the relative 
magnitude of 





RS 24 P P 
pe 6 ee oS Bal Be 


XeXeX:X4,A GC ; 
XXXXX, + XXX AA S» respectively. 








In a similar manner, a measure of the influence of single 
reward can be obtained. If chance alone were operating to 
determine the second response, a C, in trial 1 for a particular 
stimulus would’ be followed by C, in one fourth of the cases. 
Any excess over this proportion is due to, and is a measure of, 
the influence of a single rewarded response. If we 


Let C, be a specific right rewarded at any trial, and 
A be any response differing from the preceding re- 
sponse, the order in which the symbols are 
written representing the history of the responses 
to a particular stimulus, and 
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G, represent the a priori chance that the same response 
will be repeated. 


Then the formule for the measurement of the influence of 
successive rewards are: 


Number of Successive 
Repetitions and Re- 
wards for the Same Formule 
Right Response 














C.C, , 
one 9 od 4. C,A ~ c 
CC. ‘ 
vis CCC. + CCA ~ 7 
C.C,.C.C, ‘ 
= C.C.C.C, + CCC. ~ 7° 
; C.C.C,C.C ‘ 
_ C.C.C.C.C, + C.C,C,C,A. ”*° 


These analyses result in tables such as Table 3. C,C, 
represents all those responses C,C; and C.,C2; C,4 those that 
are C,4, C.d; X,X,, those that are X,X, and X2X2 etc. 
When the choice is among C), C2, X1, X2, G. is, of course, .25. 

Table 3 is clear in showing that a C in trial 1 is followed by 
the same C in trial 2 more often than is likely by chance. 
The evidence is just as clear that an X is not less likely to 
occur after being punished. On the contrary, a punished 
response recurs more often than chance expectation. In a 
similar manner, we can trace through to trial 3 those responses 
which have been twice the same C, or which have been twice 
the same X; and so on for three and four repetitions of the 
same C or the same X. 

Although the probability that fore-knowledge may in- 
fluence results is small, there is some probability that prejudice 
or system may. If a subject has certain ideas about the 
stimulus, or preference among responses, these preferences 
may possibly operate to favor rewards, and to negate the 
influence of punishment. 

Prejudice and system may be controlled by considering 
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TABLE 3 


Sympots—Set 4: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES C,C,, C,4, 
X,X,, X,4, ETC. FOR TRIALS I, 2, 3, 4, AND § WITH SuB- 
TRACTIONS FOR @ priori CHANCE * 
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The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
C,A. 42 42 
X Xz. 33 33 
X,A EVTInvtetenitetertecl ef 68 67 — c8 
At Trial 3 
a nc Aladin nba 35 61 + 36 
ded... 22 39 
X,XX_.. IS 46 
X,X,4... 18 54 — 21 
At Trial 4 
CLL. « 29 83 + 58 
Chef... 6 17 
Pee OS rr errr 7 47 
Aotahel 8 53 <= 22 
At Trial 5 
CC CCL... 25 86 + 61 
CLL 548. e 4 14 
pee OS err rrT I 14 
Aehedhodheo4... 6 86 +11 

















* The correction for the chance occurrence of the same response at a subsequent 
trial is .25. The correction for the chance occurrence of a response other than the 
particular response of a preceding trial is .75. 


only those stimulus words the responses to which in trial 1 
were right and so rewarded, and the responses to which in 
trial 2 were wrong and so punished, or those stimulus words 
the responses to which were wrong in trial 1, and responses to 
which in trial 2 were right. 
Taking stimuli, the responses to which vary in trials 1 
and 2, is in a measure, an indication that the first response 
was not maintained either through system or prejudice. 
Then the formule that apply to measure the influence of 
successive rewards, and successive punishments are: 
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Successive 
Effects for Measure of the Influence Measure of the Influence 
the Same of Successive Rights of Successive Wrongs 
Response 
p< oF al _¢ CX,A _¢ 
_— +204 =" c1.+c..4 °°" 
Det ad al _¢ Cz.24 _¢ 
aaa Ico. +i1c.4 °° ad th Es ee 
48 oF OF OF Ai gti gs # 
three AG C G. . ~! . a G2 








ICLL.. + ACLi.4 ClaNedele + Ct 


We cumulated the sequences for those symbols for which 
there is evidence that nothing in the symbol was prepotent 
in determining the response. Such prepotency was ruled out 
by considering only those cases in which a right response in 
trial one was followed by a wrong response in trial 2, and’ 
those cases where a wrong response in trial one was followed 
by a right response in trial 2. Table 4 gives the history of 
those responses in a table comparable with Table 3. 

The results shown in Table 4 demonstrate that any argu- 
ment which explains the results of Table 3 in terms of pre- 
potency, or prejudice, or system does not stand. We have 
collected instances in which the responses are chance and 
evanescent at trial one, as is evidenced by the response at 
trial 2. Comparison of these results show + .22, + .50, 
and + .68 for the increased efficacy of one, two, and three 
announcements of right plus concomitant money rewards, as 
compared with + .33, + .36, +.58, and — .23, + .06, 
and — .42 as compared with — .o8, — .21, and — .22 as the 
influence of the announcement of one, two, and three wrongs 
plus concomitant electric shocks. 

This is evidence, then, that punishing by saying Wrong for 
an incorrect response, makes the repetition of the same re- 
sponse more likely to recur when the same situation is again 
presented. This is contrary to expectation. 

The average efficiency of a single Right to secure the 
repetition of the same right response based upon the un- 
weighted average of the determinations derived from the 


C.C, and the X.C,C, analysis is + .21. The efficiency of a 
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TABLE 4 

Sympots—Set 4: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C,, 
XaC,A, CaX,Xs, CaX,4, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH 

SUBTRACTIONS FOR @ priori CHANCE 
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The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
EN biakee wkenanene 20 47 + 22 
BG Si venkanakeewnes 23 53 
em A 16 48 
C.X,4 17 52 - 33 
At Trial 4 
LECL. 15 75 + 50 
, rr 5 25 
ES er 3 19 
C,.X,X,A4 13 81 + 06 
At Trial 5 
PA Ot A! ol re 14 93 + 68 
PO od ol A I 07 
CaoXeXeXeXe 2 67 
oe me I 33 — 42 

















single wrong to secure the elimination of the punished re- 
sponse is — .07.° 
Weighting the results by the number of cases used at 


3 These measures of the efficiency of a single Right to secure the repetition of the 
rewarded response and of a single Wrong to secure the elimination of the punished 
response were secured as follows: 

All the excesses over chance at trials 2, 3, 4, and 5 for the C,C, analysis are summed. 
The total is then divided by ten which is the number of rewarded responses preceding 
the particular response at trial 2, or 3, or 4, or 5 (C,C,+ C,C,C, + C,C,C,C, 
+ C,C,.C,C,C,; 1, 2, 3, and 4 respectively). For the data of Table 3, this value is 
+ 18.8. Ina similar manner, the sum of the excesses over chance at trials 3, 4, and 
5 are summed for the X,C,C, analysis and divided by 6, the number of rewarded re- 
sponses preceding the particular response at trial 3, or 4, or 5. For the data of Table 
4 this value is + 23.3. The average of these two determinations is used as a measure 
of the efficacy of a single Right to bring about the repetition of the rewarded response 
without reference to the number of responses upon which the excesses are determined. 

When reference is made to the populations upon which the excess are determined 
similar but weighted averages are secured. 

With the same procedure the value of the Wrong to secure elimination of the 
punished response is obtained. 
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arriving at each determination gives + .24 and — .10 for 
the value of a reward and a punishment, respectively.‘ 

This, then, in general, is the method of analysis. Tables 
I, 2, 3, and 4 were derived from Experiment One. We shall 
now report experiments with symbols to thought-of numbers. 


EXPERIMENT ONE 


In general, the subject was seated comfortably at a table. Dry electrodes of 
brass screening were placed on the subject’s non-writing hand—one electrode over the 
upper joints of the three middle fingers, the other about the palm. These were secured 
by adhesive tape.’ After the electrodes were secured, and the shock determined, the 
material was placed before him. The instructions were then read. If the subject was 
in doubt, the directions were read a second time. It was desirable (in order to save 
time and keep uniformity) that every subject should respond to the next line just as 
soon as he was told the Right or Wrong for the previous line. If the subject delayed, 
he was told: “Just guess any one as quickly as you can. You will learn better by 
guessing quickly than by stopping to think.” 

Symbols similar to those of Fig. 3 were presented twenty at a time for five trials 
as Set 4. The order of presentation of the symbols was the same in trial 1 and in 
trial 5, but was random in trials 2,3, and 4. Another group of twenty symbols similar, 
though different from those of Set 4 were presented in the same way. This second 
set was called Set B. 

The following directions were given to each subject: 

“This is a sort of guessing game. Each symbol represents two of the following 
numbers: 1 23 4. The two numbers that are correct for each symbol were determined 
by chance. 

“When we begin, you will look at the first symbol, decide whether the response you 
wish to make is 1, 2, 3, or 4, then write the number you decide upon next to the symbol. 
If you are right, I will say Right, and give you one of these little tokens. Each is 
worth one-tenth of a cent. If you are wrong, I will say Wrong and give you a slight 
. electric shock. The shock will not hurt you, but will be just uncomfortable enough 
to make you remember that the response was wrong. 

“As soon as I say Right or Wrong, you will immediately decide on a response for 
the next symbol, writing the number next to it, etc. At the end of the period, I will 
give you one cent for every ten tokens you have earned. The game is to see how 
quickly you can learn one right response for each symbol and so get many symbols 
right, so get more money, and so receive fewer shocks.” 

Ten subjects, graduate students in Teachers College, participated in this experi- 
ment in April 1931. All subjects completed five trials with a set at one sitting. The 


— 





‘We have attempted other systems of weights. Any reasonable system of 
weights will not change the direction of these tendencies. The data needed for any 
other determination are given in Tables 3 and 4. 

5In these experiments, the electrodes led from a duBois-Reymond inductorium 


operating on four and a half volts, the secondary of which was placed at a point to 
secure the lifting of the bound hand ten times in succession to a make shock. With 


this technic, it was felt that variations in the secondary resistance and in the cathode 
surface were sufficiently accounted for. Compare Martin ’12, p. 87. 
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records were then arranged so that the history of each response appeared on the line 
corresponding to the stimulus that provoked the response. The sample in Table 1 
shows such a re-arranged record. 


The facts for Set 4 have already been used as an illustra- 
tion of the analysis. ‘The improvement was from an average 
number right of 9.9 in trial I to 13.5 in trial 5—evidence that 
selective learning did occur. The data appear in Tables 2, 
3, and 4. This same group improved on Set B from an 
initial score of 9.8 to a final score of 12.6. This is evidence of 
selective learning. We utilize the scores in the same way as 
for the preceding Set 4. 

Table 5 is comparable with Table 3 and Table 6 is com- 


parable with Table 4. 
TABLE 5 
SymBots—Set B: Tue SUMMARY OF THE FREQUENCY OF THE SEQUENCES C,C,, C,4, 
X,X., X,4, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH SuB- 
TRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial for a 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
eee 45 46 + 21 
hss kid ckoe skank aes 53 54 
8 SSE Rp per ere 43 42 
ks 454k tana coed 59 58 — 17 
At Trial 3 
CL, 5 hte 310d de Wao eee 33 73 + 48 
CN itis b4uked ec cue 12 27 
Si cchchewiseneenh 16 37 
MNS th 0ds40s<000%es 27 63 — 12 
At Trial 4 
C.C,.C,C, Dees Ce hie sew Secee 27 82 57 
LE a ee 6 18 
pA & ere eTT II 68 
Hetadell.« 5 32 — 43 
At Trial 5 
CLOSES 20 74 + 49 
COLL. 7 26 
pa mm me 6 55 
Aohetehel 5 45 — 30 
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TABLE 6 
Sympots—Set B: Tue SuMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C, 
XaC,A, CuX.Xs, CaX,A, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH 
SUBTRACTIONS FOR a priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
Fahdce. IS 35 + 10 
X.C.4.. 28 65 
GodoAy.. 12 35 
CoAe4... 22 65 — 10 
At Trial 4 
pt od A 7 47 + 22 
PT scavkneaeaeens 8 53 
ee ere 4 33 
rer 8 67 — 08 
At Trial 5 
Rehid didi 6 86 + 61 
pS. ee I 14 
CAelstele. 2 50 
Codotehel.. 2 5° — 25 

















In May 1931 two other groups of ten subjects each 
participated in this same experiment doing Set 4 in one 
sitting. [These groups improved in five trials from 10.7 to 
11.3, and from 10.0 to 12.1, respectively. The group that 
did Set 4 and then Set B improved on Set 4 from 9.9 to 13.5. 
For the three groups with Set 4, we have the improvement 
given as from I0.I to 12.4 in five trials. 

Table 7 shows the results for the combined group (thirty 
subjects) on the C,C, X,X, analysis. Table 8 shows, for the 
same combined groups, the results of the X C,C, and C X,X; 
analysis. _— 

Weighting the results of Table 7 (by the number of group 
of ten comprising it) with a weight of three and of Table 5 
with a weight of one, we have + .213, + .30%, + .503, 
+ .583 for the influence of one, two, three, and four successive 
C,’s, respectively, and — .o8%, — .193, — .364, — .234, for 
the influence of one, two, three and four X,’s respectively. 
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TABLE 7 


Sympots—Set 4: THe SuMMARY OF THE FREQUENCY OF THE SEQUENCES CC, CA, 
XX, XA, ETc. FOR TRIALS I, 2, 3, 4, AND 5 WITH SUBTRACTIONS FOR 
a priori CHaNcE: Att Groups ComBINED (n = 30) 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
SG eich biped busts 143 47 + 22 
SL Sek dainbwdow emake 164 53 
prey: epee Perm 89 31 
PT Aiea hn aiend aks okie 204 69 — 06 
At Trial 3 
CLS. . 71 50 + 25 
Cail. <s 72 50 
Sas a 41 46 
X,X,4... 48 54 — 21 
At Trial 4 
CLA... 52 73 + 48 
Ci fool... 19 27 
AoeheheKs. « 24 59 
po a 17 4I — 34 
At Trial 5 
C.C.C.C.C, 45 87 + 62 
C4444 7 13 
PRA eS errr II 46 
Pee hk er 13 54 — 21 

















From Tables 6 and 8 with similar weights we have + .o8}, 
+ .25%, + .625 respectively, for the influence of one, two, 
and three C,’s, and — .103, — .04}, — .283 respectively for 
the influence of one, two and three X,’s, respectively. 

The unweighted average values of a rewarded right are 
+ .16 and + .16 according to the C,C, and X C,C, analyses, 
respectively, and of a punished wrong are — .08 and — .07 
by the X,X, and C X,X, analyses, respectively. 

Experiments with nonsense words to meaningful English 
words were performed to check on these results. 


17 








194 


TABLE 8 
Sympots—Set 4; Tue SuMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C,, 
XaC,4, CaX.X, CaX.A, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH SuB- 
TRACTIONS FOR @ priort CHaNceE: ALL Groups ComBINED (n = 30) 


IRVING LORGE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3........ 
+ St he 46 33 + 08 
po om Bi . 93 67 
ozs... 39 36 
GA... 70 64 — I! 
At Trial 4 
daleddics 24 52 + 27 
Poe id ole 4 $O@2G6 00 64 646:46060° 56 22 48 
GMieMeMies 6656-0000e00e0 II 28 
C.X,X,4 28 72 — 03 
At Trial 5 
FO bt ol od pe 21 88 + 63 
Pe ol od et er 3 12 
ce ie i. : a ' A . 6 $5 
CoX.X_X,4.. 5 45 — 30 

















EXPERIMENT Two 


A code word followed by four English words on the same line constituted the 
stimulus unit. Twenty such units were presented on a page. Presentation of five 
identical pages was called a set. There were four such sets—A, B, C, and D. 

Each subject was seated comfortably at a table. Dry electrodes of brass screening 
leading from an inductorium were placed on the subject’s non-writing hand—one over 
the three middle fingers, the other about the lower palm. 

The following directions were given to each subject: 

“Look at the first word in the first line. It is a code word which has two equiva- 
lents. The two equivalents are among the group of four words following the code 
word, 

“When we begin, you will choose one word that you think is an equivalent for 
the code word at the beginning of the line. If you are right, I will say Right and give 
you one of these little tokens. Each is worth one-tenth of a cent. If you are wrong, 
I shall say Wrong and give you a slight electric shock. ‘The shock will not hurt you, 
but will be just uncomfortable enough to make you remember that the response was 


wrong. 

“As soon as I say Right or Wrong, you will immediately choose an equivalent for 
the second code word on the next line, and draw a line under it, and so on. 

“At the end of the period, I will give you one cent for each ten tokens you have 
earned. The task is to see how quickly you can learn one equivalent for each code 
word, so as to learn many code equivalents, and so make more money, and receive 
fewer shocks.” | 
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Ten subjects, graduate students in Teachers College, 
participated in this experiment during April, 1931. All 
subjects completed the five trials of each set at one sitting. 
Ten additional subjects participated in this experiment later 
in the same month, also doing Set 4 and Set B. Ten more 
subjects participated in this same experiment in April and 
May 1931, doing Set C and Set D. 

Experiment 2 differed in no wise from Experiment | 
except in the materials used and in the number of subjects 
used. 

The three groups improved with these materials, as 
evidenced by the following means: 





























Set A Set B 
Initial Final Initial Final 
OS ee ee 10.3 13.7 11.0 16.1 
Ck: te aia kekeamen 10.8 13.0 10.0 13.5 
Set C Set D 
Initial | Final Initial Final 
a nace dashes anni aaside gato 9.7 | 13.1 10.3 14.4 











We then use these records and compile tables like 7 and 8 
for all subjects. Table 9 gives the data by the C,C, analysis 
for thirty subjects on two sets each giving an effective popula- 
tion of sixty. Table 10 gives the results by the X C,C, 
analysis. 

The unweighted values of a single rewarded right are 
+ .22 and + .24 by C,C, and X C,C, analysis respectively, and 
of a single punished wrong are — .og and — .113 by X,X, 
and C X,X, respectively. 

Another experiment with the Spanish words used by 
Thorndike was performed. 


EXPERIMENT THREE 


The Spanish Vocabulary used by Thorndike consisted of two hundred Spanish 
words each of which was followed by five English words, one of which meant the same 
or nearly the same as the Spanish word at the beginning of the line. Figure 1 gives a 
sample of this material. 
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TABLE 9 


Cope Worps—Sets J, B, C, D: Toe SuMMARY OF THE FREQUENCY OF THE SEQUENCES 
C.C,, C,A, X,X,, X,4, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH SUBTRAC- 
TIONS FOR @ priors Cuance: Att Groups ComBINED (n = 30) 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial for a 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
Sere 333 54 + 29 
Mis bey teak naieen 288 46 
X,X,.. 210 36 
X,A.. 369 64 —41 
At Trial 3 
th iube- ant mdeecbien 257 77 + 52 
SERRE eerie 2 76 23 
OS 86 41 
errr es 124 59 — 16 
At Trial 4 
SS A rr 230 893 + 643 
ee 27 103 
pa ES PPE Tee eee 41 48 
AX XheA... 45 52 — 23 
At Trial 5 
SD ol 222 964 +71} 
Ciioded ee ee 8 33 
XXeXeXeXe 24 66 
X,X,X,X,A 17 34 — 41 

















The material was presented so that a trial consisted of 200 words. Five trials with 
identical pages were given to each subject. 

Each subject was seated comfortably at a table. Brass screening dry electrodes 
from an inductorium were placed on the subject’s non-writing hand—one over the three 
middle fingers, the other about the lower palm. 

The following directions were given to each subject: 

“These are Spanish words. You will look at the first line, decide which word you 
think is right, and underline it. If you are right, I will say Right. If you are wrong, 
I will say Wrong and give you a slight electric shock. The shock will not hurt you, 
but will be just uncomfortable enough to make you remember that the response is 


wrong. 

“As soon as I say Right or Wrong, you will immediately choose a word from the 
next line and draw a line under it, and so on. 

“The idea is to see how quickly you can learn the correct equivalent for each 
Spanish word so as to get many Spanish words right and so receive fewer shocks.” 
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TABLE 10 
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Cope Worps—Sets 4, B, C, D: THe SuMMARY OF THE FREQUENCY OF THE SEQUENCES 
XoC.C,, XaC.A, CaX.Xs, CaX,A, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH 
SUBTRACTIONS FOR @ priori CHANCE: ALL Groups CoMBINED (n = 30) 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
XoCiCs 125 52 + 27 
X.C.A 116 48 
+ fe 7° 34 
Coda oeee eo ee oe eeaeeees 135 66 — OQ 
At Trial 4 
ihe dciee nee wii 98 78 + 53 
Adladeathh . « 27 22 
NS EE ee 35 50 
Codeoled. 35 5° —_ 25 
At Trial 5 
Eeere... 85 89 + 64 
Adiedadied ... II II 
CoXeXeXeXe 21 60 
CoX,X,X24 14 40 ~~ 

















Ten subjects, graduate students in Teachers College, 
participated in this experiment during May and June, 1931. 
Each subject completed all five trials at one sitting. There 
was an average gain from 38.6 words right in trial 1 to 70.9 
right in trial 5. 

The analysis yields two tables: Table 11 is derived from 
the C.C, and X,X, analysis. Table 12 is derived from the 
X C.C, and C X,X, analysis. 

These two tables substantiate the generalization inferred 
from the preceding two experiments. A rewarded response 
insures the repetition of the response so rewarded, although 
punishment does not eliminate the punished response from 
the repertory. 

The unweighted average values of a single rewarded 
response are + .21 and + .24 by the two methods. The 
unweighted average values of a single punished response are 
respectively — .05 and — .0S. 
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TABLE 11 


SpanisH Worps: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES C,C,, C,4 >» 
X,X,, X,4, ETc. FOR TRIALS I, 2, 3, 4 AND 5 WITH SUBTRACTIONS FOR 
a priori CHANCE: * ALL Groups ComMBINED (n = 30) 














The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses | of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
i 175 45-3 + 25.3 
A ee 211 54-7 
, = a 436 27.0 
(© a 1178 73.0 — 07.0 
At Trial 3 
ae 118 67.4 + 47.4 
ee 57 32.6 
7 Cee 145 33-3 
CS Serre TTS 291 66.7 — 13.3 
At Trial 4 
C.C.C.C.. 98 83.1 + 63.1 
C,C,C,A 20 16.9 
X,XXXze. 45 31.0 
Aedeted... 100 69.0 — I1.0 
At Trial 5 
CCC CCo.. 89 90.8 + 70.8 
CLA... 9 09.2 
Aatadedales. > 19 42.2 
Aatetadel. oe 26 57.8 —- 72.2 

















* Since there are five possibilities, the chances for the repetition of C, are one in 
five or .20; the chances for a response other than a particular X, are four in five, or .80. 


EXPERIMENT Four 


Materials a, 5, ¢, d, ¢, f, g, and A were used in Experiment 4. 
Material a consisted of 20 lines of symbols, 4 to a line, like that in figure 4; 
Material ¢ consisted of the same symbols in a changed order; 
Material 4 consisted of 20 lines of di-letters, 4 to a line, like that in figure 5; 


Material f consisted of the same di-letters in a changed order; 


Material ¢ consisted of 20 lines of symbols, 4 symbols to a line; 
Material g consisted of the same symbols in a changed order; 
Material d consisted of 20 lines of di-letters, 4 to a line; 


Material A consisted of the same di-letters in a changed order. 


The material was presented in four sets of five trials each. Each set was alter- 
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TABLE 12 


Spanish Worps: SUMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C,, X,C,4, 
CaX.X., CaX.A, ETC. FOR TRIALS 1, 2, 3, 4, AND 5 WITH 
SUBTRACTIONS FOR 4 priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial for a 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
i dna abcd manele 141 45.3 + 25.3 
0 eee 170 54-7 
NE tice ecenben wie 52 24.6 
Cs si. cs ch ten eeene 159 75.4 — 04.6 
At Trial 4 
0! Er 105 74.5 + 54.5 
Error 36 25.5 
CaXeXeXe. II 21.2 
oe eZ . 4I 8 8 — O88 
At Trial 5 
Pe ot it od ee 86 81.9 + 61.9 
pe Sr rr 19 18.1 
tt OO A TT eTe S 45-5 
it & SS eee reer 6 54-5 — 25.5 

















nately one of symbols and one of di-letters. The order in which these trials were 
given was 











Set A— Set B— Set C— Set D— 
Symbols Di-Letters Symbols Di-Letters 

MS cehawas a o c d 

ME a ike ounces a b c d 

. | Pree e f g h 

. * ere a f c h 

pO ere e b g d 

















Each subject was seated comfortably at a table. Brass screening dry electrodes 
from an inductorium were placed on the subject’s non-writing hand—one over the 
three middle fingers, the other about the lower palm. 

The following directions were given to each subject: 

“This is a sort of a guessing game. ‘Two of the figures in each row of four are 
right. The other two are wrong. The rights are right by chance, having been de- 
termined arbitrarily by successive throws of dice. When we begin, you will look at 
the first row and choose one that you think is right, and draw a line under it. If you 
are right, I will say Right and give you one of these little tokens. Each is worth one- 
tenth of a cent. If you are wrong, I shall say Wrong and give you a slight electric 











200 IRVING LORGE 
shock. The shock will not hurt you, but will be just uncomfortable enough to make 
you remember that your response was wrong. 

“As soon as I say Right or Wrong, you will immediately choose one from the 
next line and draw a line under it, and so on. 

‘At the end of the period, I will give you one cent for every ten tokens that you 
have earned. The game is to see how quickly you can learn one right response in each 
line, so as to get many lines right, and so make more money and receive fewer shocks.” 

It was desirable (in order to save time and to keep uniformity) that every subject 
should respond to the next line just as soon as he received the signal of right or wrong 
for the previous lines. If the subject delayed, he was told: 

“Just guess any one as quickly as you can. You will learn better by guessing 
quickly than by stopping to think.” 

As soon as the subject had responded to the twenty lines of a sheet of Set 4, the 
next page was presented—until the five pages of Set 4 were done. The tokens were 
converted into money at the end of each page of work. 

In a similar manner, Sets B, C, and D were administered. 


TABLE 13 


Symspo_ts—Sets 4 anp C: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES 
C.C,, C,4, XsXs, Xe4, ETC. FOR TRIALS I, 2, 3, 4 AND 5 WITH 
SUBTRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial for a 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
Cl... 122 58 + 33 
C4... 89 42 
Pe 80 42 
, a i 109 58 = 7 
At Trial 3 
Coe... 81 66 + 4! 
C.C.4... 41 34 
7. Cee 43 54 
, a a 37 46 = 29 
At Trial 4 . 
nn a wei want 68 84 + 59 
C.C.C,4... 13 16 
pana 25 58 
Aohohed.. 18 42 - 33 
At Trial 5 
C.C.C.C.C, 64 94 + 69 
CLii4 4 06 
aE eS Eee 14 56 
pees * ie ce 64 on« II 44 — 31 
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Ten subjects, graduate students in Teachers College, 
participated in this experiment during April 1931. Each 
subject completed the five trials of each of the four sets of 
this experiment at one sitting. 

For the symbols, the average number of rights on Set 4 
increased from 10.g in trial I to 12.0 in trial 5, and on Set C, 
from 10.2 to 13.5. For the di-letters, the corresponding 
increases on Set B were from 10.3 to 11.5 and on Set D, 
from 9.3 to 13.9. 

For these ten subjects, then, there are four tables pre- 
senting the analyses: Tables 13 and 14 for nonsense symbols; 
Tables 15 and 16 for the di-letters. 


TABLE 14 


SymBo_ts—Sets 4 anp C: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES 
XaC.C,, XaC.A, CaX,Xs, CaX,4, ETC. FOR TRIALS I, 2, 3, 4, AND § 
WITH SUBTRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent | Chance at the at the Trial for a 
Responses of All Trial for Repe- Response Other 
_ | tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
EC cine deeeadaas 42 50 + 25 
Ee iba-nw ded ence 42 50 
CAA... 28 47 
CAA... 31 53 — 22 
At Trial 4 
XaC,C,C, 21 50 + 25 
pe ener 21 50 
EE Sere 13 47 
Ns in ces ab isha IS 53 — 22 
At Trial 5 
PO nt oD ok 20 95 + 70 
PE od ot A re I 0S 
ee ee - 54 
GColedete 4 6 46 — 29 

















Through the courtesy of Mr. Jacob Tuckman, data are 
available from ten unsophisticated subjects to whom he 
administered the four sets of Experiment four. The ad- 
ministration was identical with that used for the adult group. 
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There is nothing in the experience of these boys, whose ages 
range from 123 to 14 years, to cause them to prefer to receive 
electric shocks. For such a group of naive subjects, punish- 
ments, if it has any of its alleged potency, ought to eliminate 
wrong responses so punished. This is not so. Although the 


TABLE 15 
Di-Letrers—Sets B anp D: Tue SUMMARY OF THE FREQUENCY OF THE SE- 
QuENcES C,C,, C,4, X,X,, Xd, ETC. FOR TRIALS I, 2, 3, 4, AND § WITH 
SUBTRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
DN Rieti e ace ile ae alae 130 66 + 41 
Dciiwsekexbaeendses 67 34 
XX, 69 34 
Pe eudwustee es dieewen 134 — 09 
At Trial 3 
C.C.C,... 92 71 + 46 
CAA. . 38 29 
pS A ee 33 48 
ae 36 52 - #9 
At Trial 4 
Cece, 72 78 + 53 
CLOe4 20 22 
PE ES eer 18 55 
PE eS RPT Cee eT 15 45 — 30 
At Trial 5 
SS Fe 65 90 + 65 
a A 7 10 
pe a ee rere 12 67 
ae ko RR 6 33 — 42 

















learning for the nonsense symbols shows gains of + 1.8 and 
+ 3.3 right responses, the wrong responses do more harm by 
occurring than punishment can offset by causing a shift to 
any other response. The same facts are found for the di- 
letters. The gains on the di-letters are + 1.6 and + 2.5. 
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Tables 17 and 18 gives the results for the nonsense symbols, 
Tables 19 and 20 for the di-letters. 

The average unweighted values of a single reward and of a 
single punishment for the boys and the adults on di-letters 
and on symbols are given in the Table below (Table 21). 


TABLE 16 


Di-Letrers—Sets B ano D: Tue SUMMARY OF THE FREQUENCY OF THE SE- 
QUENCES X,C,C,, XaC,4, CaX.X., CaX.A, ETC. FOR TRIALS I, 2, 3, 4, AND 5 
WITH SUBTRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
p aT a 57 63 + 38 
XeC,A 34 37 
CaX.Xe 2I 44 
CaX,A4 27 56 — 19 
At Trial 4 
XaCG,C,C, 42 74 + 49 
XaC,C,A4 IS 26 
ES re 13 60 
CoX.X24.. 8 40 — 35 
At Trial 5 
addadudiea 37 88 + 63 
SO A ee 5 12 
a ee errr 8 57 
C,X,X.X,A 6 43 - 96 

















The efficacy of a reward and of a punishment is not 
primarily a function of the age or sophistication of those 
experiencing the incentives. Rewards may be depended upon 
to bring about learning. Accumulation of results such as 
these is not mere heaping of Ossa on Pelion. The con- 
sistency of the results from diverse materials and from diverse 
groups points to the universality of the generalization. 
Nothing in these data can favor the belief that a punished 
response eliminates itself faster than chance alone elimi- 
nates it. All our results indicate that whatever total improve- 
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ment occurs is due to the efficacy of a reward in bringing about 
the repetition of the response so rewarded. 

This paper has analyzed the results from experiments with 
a hundred subjects learning diverse materials. Consistently, 


TABLE 17* 


SymMBoLs: THE SUMMARY OF THE FREQUENCY OF THE SEQUENCES C,C,, C,4, XXq, 
X,A, ETc. FOR TRIALS I, 2, 3, 4, AND 5 WITH SUBTRACTIONS 
FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
ee are go 47 + 22 
rere IOI 53 
SN ii heheh ies aa nae 66 31 
Te aia a tae 143 69 — 06 
At Trial 3 | 
TEE rT er 59 65 + 40 
re 31 35 
Ste Jb tice eeeions 39 59 
SE bs cxccsconareoudieaies 27 41 - 9 
At Trial 4 
hs bs whine nedaens 47 80 +55 
od A re 12 20 
a ee er Ee 27 70 
pa ee rere ere Te 12 30 — 45 
At Trial 5 
Cites scccccccceses 40 85 + 60 
oe - 15 
, a SS ee 22 82 
po eS ee rr Tee 5 18 — $7 

















* From the data of Jacob Tuckman. 


the finding has been that a wrong response does more harm by 
occurring than the punishment can offset. The positive value 
of the reward was demonstrated consistently as high and 
significant. 

We have intensified rewards and punishments. We have 
duplicated Thorndike’s experiments with Spanish words using 
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intensified punishment and reward. We have found no 
difference between the value of a symbolic punishment 
according to Thorndike and an intensified punishment as 
administered in this experiment. A constant intensification 


does not increase the potency of punishment, symbolic or 
otherwise. 


TABLE 18* 


SymBo.ts: THE SUMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C,, X.C,A, 
CuX,X, CaX,4, ETC. FOR TRIALS I, 2, 3, 4, AND 5 WITH SuB- 
TRACTIONS FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent | Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
 Kawwutier wired eee 47 46 + 21 
+ eee: ai 54 
CAode.. 19 30 
C,X,4.. 44 70 — 05 
At Trial 4 
pt 30 64 + 39 
EY Stra ch wade 17 36 
SES 8 42 
tt re | 58 om 57 
At Trial 5 
pO |! ae 20 67 + 42 
pS ee 10 33 
be Oh 6 75 
0 eM | 2 25 _ 50 

















* From the data of Jacob Tuckman. 
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TABLE 19* 


Di-Letrers: THe SUMMARY OF THE FREQUENCY OF THE SEQUENCES C,C,, C,4, XX, 
X,A, ETc. FOR TRIALS I, 2, 3, 4, AND 5 WITH SUBTRACTIONS 
FOR @ priori CHANCE 











The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial fora 
Responses of All Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 2 
Sere 113 58 + 33 
Pe iincdneeretavecnbat 83 42 
Ee Eee 83 41 
ee were ery 121 59 — 16 
At Trial 3 
eer, 66 58 + $3 
ka en babe eee 47 42 
5 TTS 38 46 
G+ 6d Sedu de coupe 45 54 — 21 
At Trial 4 
SFE epee 59 89 + 64 
A ar eae 7 II 
pO EPC ET TTS 22 58 
pa re 16 42 — 33 
At Trial 5 
Ct tt f.. eee G2 OK Oe Cee 52 88 + 63 
Fk ok AE I 7 12 
[a 8 = peer 12 55 
Pa ef oe eee 10 45 — 30 

















* From the data of Jacob Tuckman. 
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TABLE 20* 


Di-LetTers: THE SUMMARY OF THE FREQUENCY OF THE SEQUENCES X,C,C,, X.C,A, 
CaX.X,., CaX.4, ETC. FOR TRIALS I, 2, 3, 4, AND 


5 WITH SuB- 


TRACTIONS FOR @ priori CHANCE 


























The Excess in The Excess in Per- 
Percent over cent over Chance 
Number of | Percent Chance at the at the Trial for a 
Responses of All | Trial for Repe- Response Other 
tition of the Same | than the Particular 
Right Response Wrong Response 
At Trial 3 
» 0 OF On 37 45 + 20 
han kb a dak ikea a 44 5S 
CoXX- 16 33 
C.X,A 6666 466 60.0046 06 06 6 32 67 — o8 
At Trial 4 
AgdedGe 18 49 + 24 
CS ee 19 si 
SS ere eT re 8 50 
Co dohell 8 5° — 25 
At Trial 5 
AeC CCC, 12 67 + 42 
XaC.C,C,A 6 33 
ee ee ere 6 75 
CX,X.i.4 2 25 — 50 
* From the data of Jacob Tuckman. 
TABLE 21 


Tue AveRAGE UNWEIGHTED VALUE OF A SINGLE PUNISHMENT AND OF A SINGLE 
Rewarp, DerIvep FROM EXPERIMENT 4 
































Symbols Di-Letters 
Group Type of Analysis 
Reward | Punishment | Reward | Punishment 
pe C.C, and X,X, + 20 — II + 21 — 10 
ee XaC.C, and CaX.X- + 20 — 12 + 25 — 14 
ee C.C, and X,X5 + 18 — 14 + 19 — 10 
Boys X_C,C, and C,X,X, +17 —12 + 14 — 14 
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RATE AND DIRECTION OF THE CONTRACTION 
WAVE IN MUSCLE DURING VOLUNTARY 
AND REFLEX MOVEMENT 


BY LEE EDWARD TRAVIS ann MERVIN PATTERSON 
University of Iowa 


Introduction.—Although the velocity of the nerve impulse 
has been the subject of experimentation since Helmholtz’ first 
measurement in 1850, the velocity of the contraction wave in 
muscle has attracted relatively little attention. Dodge (2), 
using the muscle thickening technique, computed the velocity 
of the wave of contraction in reflex activity as about 60 m 
per second for the quadriceps femoris muscle. All the evi- 
dence from his records was against the wave of contraction 
proceeding up the muscle from the distal end. The general 
course of the contraction wave was from above downwards. 
This phenomenon was best seen by Dodge in a group of 
simultaneous photographic shadow records. Adrian (1) sug- 
gested a possible technique for the measurement of the con- 
traction wave’s velocity, but to our knowledge he has pub- 
lished no report of his application of this technique. As the 
active region of a contracting muscle passes first under one 
electrode and then under another, the current of the gal- 
vanometer will travel first one way and then the other, 
forming the ordinary diphasic response, and the rate of con- 
duction may be calculated from the interval between the 
phases and the distance between .the electrodes. 

When the present study was in progress, Golla and Anton- 
ovitch (4), using the action current technique, reported the 
velocity of the wave of conduction in the quadriceps femoris 
group of muscles in reflex activity as a relatively minor part 
of a study of conduction rate in human motor nerves. No 
mention was made of the number of subjects used, of the 
variability from individual to individual, or of the variability 
within the records from a given individual. The level of 
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entry of the nerve, or the ‘nervous equator’ of the muscle 
was determined by leading off from the muscle action currents 
with two pairs of needle electrodes set 2 cm apart, moved 
successively from a proximal position near the muscle’s origin 
to within a short distance from the upper border of the patella. 
In a muscle measuring 43 cm in length, the nervous equator 
was found to be represented by a transverse band, 3 cm broad, 
lying about 14 cm below the anterior superior spine of the 
illum. Above this band, the electrical response travels up- 
wards; below it, it travels downwards. Contraction reached 
all points on any particular transverse level of the muscle 
simultaneously. By placing both pairs of electrodes 12 cm 
apart below or above the nervous equator, so that the response 
would be unidirectional, the velocity of the contraction wave 
could be determined. The rate was found to be 29 m per 
second. 


The aims of the present study were: (1) the determination 
of the central tendency and variability of the rate of the 
contraction wave in different muscles during reflex and volun- 
tary activity in a sufficient number of cases to warrant con- 


clusions; (2) the observation of the direction and nature of the 
contraction. 


Apparatus and Method.—We utilized the action current technique. The recording 
apparatus consisted of two perfectly matched, non-interfering, three stage resistance- 
coupled amplifiers, a Westinghouse oscillograph, a General Radio low frequency, type 
377-B, oscillator, and a signal circuit. 

This apparatus was used for the simultaneous recording of the latent periods of 
reflex and voluntary movements at two different points on the executant muscle. The 
stimulus for the reflex was the tapping by an iron mallet of a brass strip fastened over 
the tendon (Achilles or patellar) and insulated from it by a small block of wood and a 
rubber dam. The contact of the iron mallet with the brass strip actuated the signal 
circuit and discharged a previously charged condenser through one element of the 
oscillograph. The latent period was represented by the interval of time elapsing 
between the stimulation and the appearance of the first action current wave. The 
action currents were picked up at each point on the muscle by a pair of thin brass 
electrodes covered by Canton flannel which was moistened by a saturated salt solution. 
The brass strips in each pair of electrodes were 11 mm wide, 69 mm long and 8 mm apart. 
They were curved to conform to the curvature of the muscle and held in place by rubber 
bands. The electrodes were so arranged that a unidirectional wave passing through 
the muscle would produce action currents in phase. The action currents from each 
point were equally amplified on a record by the two matched amplifiers and oscillo- 
graphelements. A timeline of sine wave oscillations at 1000~ was supplied by the os- 
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cillator. A special photographic unit recorded the signal, two action current lines, and 
the time line on Eastman 35 mm No. I sensitized paper. 

The rate of conduction was determined by obtaining the ratio between the dif- 
ference in the latent periods at two points on the surface of the muscle and the distance 
between these two points. It was studied for two groups of muscles, the quadriceps 
femoris and gastrocnemius, in both reflex and voluntary activity. In general for the 
quadriceps femoris muscle two series of records were obtained for each type of activity 
(voluntary and reflex) as follows: (1) with one pair of electrodes directly over the 
anatomical motor point and the other pair four inches distal; and (2) with one pair of 
electrodes directly over the anatomical motor point and the other pair two inches 
proximal. Several series of records on several cases were obtained as follows: (1) with 
one pair of electrodes directly over the motor point and the other pair two inches distal; 
(2) with one pair of electrodes two inches distal and the other pair four inches distal 
to the motor point; and (3) one pair of electrodes directly over the motor point and the 
other pair four inches proximal. The anatomical motor point for the quadriceps 
femoris muscle group has been determined by Tuttle and MacEwen (5s) to be half way 
between the anterior superior spine of the ilium and the upper margin of the patella. 
That this is not the physiological motor point will be brought out later. 

For the gastrocnemius muscle two series of records were obtained for each type of 
activity as follows: (1) with one pair of electrodes directly over the motor pcint and the 
other pair two inches distal; and (2) with one pair of electrodes directly over the motor 
point and the other pair four inches distal. For one subject records were obtained 
with one pair of electrodes two inches distal and the other pair four inches distal to 
the motor point. The motor point for the gastrocnemius muscle was taken as one-fifth 
the distance between the lower margin of the patella and a point even with the inferior 
malleolus. This determination was based upon calculations reported by Hoffman (3). 

For each subject a series of voluntary response records followed a series of reflex 
response records for any given distance apart of the electrodes. The turning of the 
crank of the photographic unit by the experimenter was the visual signal for as sudden 
and sharp a voluntary contraction of the muscle as the subject was capable of. This 
sudden contraction was to follow a relaxed condition in order that the initial action cur- 
rents might be as clearly defined as possible. 

Each series of records recorded from five to eight reflex or voluntary movements. 
Only the most objective of these records were read. That this selection does not de- 
crease the validity of our results is evident from the factors which destroyed the 
objectivity of arecord. These factors were outside electrical disturbances, disturbances 
in the muscle not resulting from reflex activity as movement of the fascia or a contrac- 
tion anticipating the stimulus, absence of or extremely weak jerks, and damage to the 
film. . 

Data AnD Discussion 


(a) Rate of the Muscle Contraction Wave in Reflex Activity. 
—It may be seen from Table I that the average conduction 
rates for the quadriceps femoris muscle were 64.3, 62.6, and 
57-7 m in a range of 29.7 to 145.1 m per second for different 
locations of the electrodes. Similarly it may be seen from 
Table II that the average conduction rates for the gastrocnem- 
ius muscle were 49.8, 54.4, and 63.3 m in a range of 38.1 to 
94.9 m per second for different locations of the electrodes. 
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TABLE I 


Conpuction Rates (METERS PER SECOND) OF THE Quapricers Femorts Muscie 
Groups DURING REFLEX AcTIVITY 























Position of Second Pair of Electrodes with Respect to Motor Point 
Subject 2’’ Proximal 2”’ Distal 4”’ Distal 
Mean Range Mean Range Mean Range 
\ 101.6 *-50.8 84.6 101.6-50.8 50.8 50.8-50.8 
B 72.6 101.6-67.7 
* 50.8 50.8-50.8 50.8 50.8-50.8 
D 58.4 101.6-50.8 63.5 67.7-50.8 
E 50.8 50.8-50.8 
j 39.1 50.8-33.9 
3 50.8 50.8-50.8 46.2 50.8-40.6 

H 40.6 40.6-40.6 
I 67.7 67.7-67.7 
J 50.8 50.8-50.8 
K 40.6 40.6-40.6 
L 50.8 50.8-50.8 63.5 67.7-50.8 
M 50.8 50.8-50.8 42.3 101.6-25.4 67.7 101.6-50.8 
N 84.6 *—50.8 84.6 101.6-50.8 145.1 *—101.6 
O 56.4 101.6-50.8 50.8 50.8-50.8 50.8 50.8-50.8 
P 61.2 101.6-50.8 50.8 50.8-50.8 
Q 29.7 33-9-29.0 
64.3 *-101.6 62.6 101.6-25.4 57-7 *—101.6 























*is used when no difference in latencies appears for different placements of the 
electrodes. 


TABLE Il 


CinpucTion Rates (METERS PER SECOND) OF THE GASTROCNEMIUS MUSCLE DURING 
Rervtex Activity 


























Position of Second Pair of Electrodes with Respect to Motor Point 
Subject 2’ Distal 3’ Distal 4” Distal 
Mean Range Mean Range Mean Range 
A 58.4 101.6-50.8 81.3 101.6-67. 
B 50.8 50.8-50.8 
™ 94.9 101.6-67.7 
D 50.8 50.8-50.8 50.8 50.8-50.8 
E 38.1 50.8-25.4 58.1 101.6-50.8 
iy 50.8 50.8-50.8 
G 50.8 50.8-50.8 
H 54-4 76.2-50.8 59.8 67.7-50.8 
| 54-4 76.2-50.8 50.8 50.8-50.8 
J 59.8 67.7-50.8 
= GPE Eeee-aes 
49.8 101.6-25.4 54-4 76.2-50.8 | 63.3 101.6-50.8 
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The mean for all placements presented in Table I was 59.9 m 
per second and in ‘Table II 57.6 m per second. According 
to our records the most frequently occurring conduction rate 
was between 50 and 65 m per second. Figures 1 and 2 are 
representative records on which these rates were based. 





hic. 1. Typical patellar reflex record. Reading from the top down, the first 
line recorded the stimulus, the second the action currents from a point four inches distal 
to the motor point, the third the action currents from the motor point, and the fourth 
time in sigma. The record was read to give the motor point a shorter latency by 
two sigma. 


hella alla adele sudee) ill De AA bbe de bedded Wpordodats asd render cate server vvvyerveryer Terre ty’ 


a OL CT 
mm / Nee | 








oP rate “ ay gM hs. 


Fic. 2. Typical Achilles reflex record. Reading from the top down, the first 
line recorded time in sigma, the second the stimulus, the third action currents from a 
point two inches distal to the motor point, and the fourth the action currents from the 
motor point. This record was read to give the motor point a shorter latency by one 
sigma. 


The differences in the means for a given individual and 
the differences in the means for all the subjects for the various 
placements of the electrodes raised a question as to whether 
the conduction rate was constant throughout the length of the 
muscle. The records from a selected group of the subjects 
would answer the question in the affirmative. For the 
quadriceps femoris muscle this group included subjects C, D, 
G, O, and P and for the gastrocnemius muscle, subjects D, H, 
and I.! Each subject in this group was represented by two 


1 On the basis of records taken two inches and four inches distal to the motor point, 
this group also would include subject B, whose records yielded conduction rates of 
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or more series of records, the difference between the means of 
which was not greater than 10m per second. This difference 
is the equivalent of not more than half a sigma variation in 
either direction from the difference in latent times involved 
in the computation of the means. A half sigma is the extreme 
variation which can result from a reading error since the time 
line may be read in units of half a sigma without interpolation. 
It is very improbable, however, that the difference in means 
of series resulting from different placements of the electrodes 
was due to reading errors. A more probable explanation is 
that either the conduction rate varied within:a relatively wide 
range in a series of muscular contractions or, especially since 
the greatest deviation was in the direction of simultaneity 
of appearance of the action currents at two different parts of 
the muscle (Fig. 3), the branching of the motor nerve was such 


ee . “ebpipe} 





Fic. 3. <A patellar reflex record showing simultaneity of appearance of action currents 
from the motor point and a point four inches distal. 


as to innervate two different parts of the muscle practically 
simultaneously. This latter possibility leads us to believe 
that the variations noted in the contraction wave rate may 
not be considered certain evidence against the wave’s being 
propagated throughout the muscle at a constant rate during 
each individual contraction. Further evidence of a constant 
rate was that the means for all the subjects for different place- 
ments of the electrodes agreed within narrow limits and that 
this agreement was increased by the greater number of sub- 
jects used in determining these means for the quadriceps 
femoris than for the gastrocnemius muscle. 


67.7 and 46.2 m per second for the quadriceps femoris and the gastrocnemius muscles 
respectively. O’s record from the quadriceps femoris at two inches and four inches 
distal to the motor point was also consistent at 50.8 m per second. A’s rate was 50.8 m 
per second for the quadriceps femoris, which agreed with the mean rate found for A 
between the motor point and the point 4 inches distal. 
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Comparison OF ConpucTiIon Rates (METERS PER SECOND) FOR QUADRICEPS FEMORIS 
AND GASTROCNEMIUS MUSCLES DURING REFLEX ACTIVITY 
































Position of Second Pair of Electrodes with Respect to Motor Point 
2’”’ Distal 4’’ Distal 
Subject 

Quadriceps Femoris Gastrocnemius Quadriceps Femoris Gastrocnemius 

Mean Range Mean Range Mean Range Mean Range 
\ 84.6 | 101.6-50.8| 58.4 | 101.6-50.8| 50.8 | 50.8-50.8| 81.3 | 101.6-67.7 
B 50.8 | 50.8-50.8] 72.6 | 101.6-67.7 
. 50.8 | 50.8-50.8| 94.9 | 101.6-67.7 
1) 50.8 | 50.8-50.8| 63.5 | 67.7-50.8] 50.8 | 50.8-50.8 
Ie 38.1 | 50.8-25.4] 50.8 | 50.8-50.8] 58.1 | 101.6-50.8 
I 50.8 | 50.8-50.8| 39.1 | 50.8-33.9 
G 46.2 | 50.8-40.6] 508 | 50.8-50.8 
H 40.6 | 40.6-40.6| 59.8 | 67.7-50.8 
| 67.7 | 67.7-67.7| 50.8 | 50.8-50.8 

84.6 | 101.6-50.8| 49.8 | 101.6-25.4| 53.6 | 101.6-33.9| 63.8 | 101.6-50.8 























Comparisons of the conduction rates in the quadriceps 
femoris and the gastrocnemius muscles are presented in Table 
III. In general, no striking differences in the conduction 
rates of the two muscles are to be noted. Variations existed 
in every case, but in the majority they were not wide nor were 
they constant in direction from individual to individual. It 
is certainly not to be expected that every striated muscle 
in the body contracts at the same rate, but our data indicate 
similarity rather than difference between the rates of the 
quadriceps femoris and the gastrocnemius muscles. 

(b) The Physiological Motor Point.—The contraction wave 
spreads distally and proximally from a point or area in the 
muscle. This point of origin will be called the physiological 
motor point. Tuttle and Mackwen’s measurement (5) of 
half the distance between the anterior superior spine of the 
ilium and the upper margin of the patella was used to locate 
the anatomical motor point of the quadriceps femoris muscle. 
It was anticipated that the location of the physiological and 
anatomical motor points would be the same. Our records 


indicated, however, that the physiological was proximal to 
Of the records from the quad 


this anatomical motor point. 
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wi 


riceps femoris muscle with the electrodes placed on the ana- 
tomical motor point and two inches proximal of this point, 
only those from one subject showed the action currents ap- 
pearing at the motor point before the proximal point (.5 
sigma). In the other nine subjects the point two inches 
proximal gave action currents from .3 to 1.0 sigma (range of 
the means of the series) before the anatomical motor point. 
In two of three subjects where the records were taken from 
the anatomical motor point and a point 4 inches proximal, 
the proximal point gave action current activity 1.0 and 1.1 
sigma (means of the series) before the anatomical motor point. 
In the third subject the anatomical motor point action cur- 
rents preceded those from a point 4 inches proximal by .6 


sigma (mean of the series) (Fig. 4). In only two subjects, 





Nonthan 


nl py \ 


Fic. 4. Patellar reflex record showing spread of contraction from motor point in a 





proximal direction. Upper action current line records action currents from point four 
inches proximal to motor point; lower action current line from the motor point. 
Record was read to give the point four inches proximal a longer latency by one-half 
sigma. It will be noted that there is a one hundred and eighty degree difference in 
phase in the initial action current waves of this record. This difference is to be ex- 
pected if the electrodes are placed upon the muscle so that a unidirectional wave of 
contraction produces no difference in phase and this unidirectional wave is replaced 
by a wave moving in opposite directions from a point of origin located between the two 
pairs of electrodes. 


therefore, have we evidence that the physiological motor 
point was located within a radius of two inches of the anatomi- 
cal motor point; in eleven cases our records showed that the 
physiological motor point must have been located more than 
two inches proximal to the anatomical motor point as deter- 
mined by Tuttle and MacEwen. Our results support Golla 
and Antonovitch’s findings in regard to the location of the 
physiological motor point (4). They reported for one subject 
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a motor point one-third the distance between the anterior 
superior spine of the ilium and the insertion of the muscle 
(upper margin of the patella). Since we were not successful 
in obtaining records proximal to the selected anatomical 
motor point of the gastrocnemius muscle, no conclusion con- 
cerning the physiological motor point of this muscle may be 
drawn. 

(c) Direction of Muscle Contraction Wave in Reflex Activity. 

Almost all of our records from points both proximal and 
distal to the anatomical motor point showed the contraction 
wave moving down the muscle from a proximal to a distal 
point (Figs. 1 and 2). In two subjects the action currents 
from the anatomical motor point preceded those from the 
proximal points. Here we have evidence of the contraction 
wave spreading in a proximal direction (Fig. 4). 

(d) Nature of the Contraction Wave in Reflex Activity.— 
The contraction wave in reflex activity is a transient phen- 
omenon accompanied or preceded by characteristic diphasic 
action current responses. A striking similarity was evident 
in the simultaneous records from two points on the muscle. 
One action current line appeared to be an imperfect reproduc- 
tion of the other. The difference in time that existed between 
the first action current waves from the two points on the 
muscle was seldom maintained constantly throughout the 
remainder of the record (Fig. 5). <A difference in the refac- 





Fic. 5. Patellar reflex record showing approximate similarity of the two, action 
current records from different points on the muscle. Upper action current line records 
action currents from point two inches proximal; lower from the motor point. 


tory periods at the two points in the muscle may account for 
this failure to maintain a constant time relationship between 
successive action current waves. 
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Each contraction wave in a series of reflex movements was 
represented by a pattern characteristic of the series as a 
whole. This similarity between different records in a series 
was so marked that records might be recognized as belonging 
to a particular series. The contraction wave in reflex activity 
appears, therefore, to be a regular phenomenon in spite of the 
fact that its rate of conduction may vary. 

(e) Rate of Muscle Contraction Wave.in Voluntary Activity. 
—The records of voluntary activity presented difficulties in 
reading that made the computation of the rate of the contrac- 
tion wave very difficult (Fig. 6). In voluntary activity the 
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Fic. 6. Record of voluntary contraction of quadriceps femoris muscle that was 
judged unreadable. Upper action current line records action currents from point four 
inches distal; lower from the motor point. 


contraction was often represented by initial action current 
waves of very small amplitude and uncertain beginning. Any 
contraction of the muscle or increase in tonus in anticipation 
of the signal for movement was probably also represented by 
small action current waves; a long series of small action current 
waves in a record may be indicative of this anticipatory con- 
traction. 

We were able to obtain, however, a few objective and con- 
clusive records during voluntary activity. From these we 
found the mean velocity of the contraction wave to approx- 
imate that in reflex activity. However there was a greater 
variability in conduction rate in voluntary than in reflex 
movement. 

(f) Direction of Contraction Wave in Voluntary Activity.— 
Certain of our records presented contradictory evidence con- 
cerning the direction of the contraction wave in voluntary 
activity. Records from the same individual and in the same 
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series showed a reversal of direction of conduction from that 
which appeared to be established by other records of the series. 
In general, however, the direction was the same as was found 
in reflex activity. 

(g) Nature of Contraction Wave in Voluntary Activity.—In 
voluntary activity the action currents were of greater duration 
than in reflex activity and they presented a pattern which was 
in marked contrast to the stereotyped pattern in reflex con- 
tractions. An increase in amplitude of the action current 
waves to a maximum and a subsequent decrease to a minimum 
and the similarity of the action current patterns from two 
different points on the muscle were characteristic (Fig. 7). 
The close agreement of the two action current patterns is 
indicative of the existence of a true contraction wave and 
refutes the argument that the action currents are representa- 
tive of only random activity at the points from which they 
are taken. 

Summary.—(1) This paper reports a study of the rate, 
direction, and nature of the muscle contraction wave in reflex 
and voluntary activity. The action current technique was 
utilized. 

(2) The average conduction rate for the quadriceps femoris 
muscle in reflex activity was 59.9 m in a range of 29.7 to 145.1 
mpersecond. The average conduction rate for the gastrocne- 
mius muscle in reflex activity was 57.6 m in a range of 38.1 to 
94.9 m per second. Although the conduction rate for these 
two muscles in voluntary activity varied through a wide 
range it tended to approximate that in reflex activity. 

(3) In general, the direction of the contraction wave in the 
quadriceps femoris and the gastrocnemius muscles during 
reflex and voluntary activity was from proximal to distal. 
In the quadriceps femoris muscle the contraction wave in 
reflex activity moved away in opposite directions from a 
certain point or area in the muscle. This point of origin was 
designated the physiological motor point. 

(4) The physiological motor point was found to be located 
proximal to the anatomical motor point situated, according 
to the measurements of Tuttle and MacEwen, half way be- 
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tween the anterior superior spine of the ilium and the upper 
. margin of the patella. 

(5) The contraction wave in reflex activity was different 
from the contraction wave in voluntary activity in its brevity 
and in a more striking similarity between individual records 
of a given series. The contraction wave in reflex and in vol- 
untary activity were similar in the imperfect duplication of 
the pattern of action current waves from one point on the 
muscle by the pattern of action current waves from any other 
point on the muscle. This leads us to believe that muscle 
action currents in either voluntary or reflex action are indica- 
tive of a true contraction wave and not representative of only 


random activity of single units at various points in the muscle. 
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THE WEBER-FECHNER LAW AND MENTAL 
MEASUREMENT 


BY F. M. URBAN 


L. L. Thurstone ! tested the validity of Fechner’s Law for 
certain stimuli by the method of equal appearing stimuli. [| 
discussed his data at some length and showed that they yield 
much better results if treated by purely statistical methods. 
My papers are rather technical and contain much detail with 
which one must be familiar in order to follow easily the course 
of reasoning. I like to present the argument in such a way 
that the reader might judge its value without going into 
technical details. ‘The reader is asked to take my statements 
as to the results of the calculation at their face value and to 
judge the argument independently. Correctness of the num- 
erical results is very important, nay indispensable, but these 
results are merely a link in a long chain of reasoning. ‘Testing 
the other links and their interconnection is a task of sufficient 
interest and difficulty, since the problems discussed in this 
paper belong to the most disputed in psychology. 

Thurstone experimented with a series of 96 cards on which 
squares of equal size were printed. The squares were filled 
with irregularly spaced dots and their number was the stim- 
ulus experimented upon. The smallest number of dots in a 
square was 68, the largest 198. Between these limits 22 steps 
were inserted, the numbers of dots increasing approximately 
as the terms of a geometric series. There were 24 stimuli in 
all, each one represented by four cards. 

The subject was required to sort the cards into ten groups 
which in regard to the density of dots seemed to be equally 
different. 101 subjects were experimented upon, so that 
404 experiments were made with each one of the 24 stimuli. 

Table 1 shows the number of times each stimulus was 


1L. L. Thurstone, Fechner’s law and the method of equal appearing intervals, 
Journal of Experimental Psychology, 1929, 12, 214-224. 
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TABLE I 
Stimulus I 2 3 4 5 6 7 8 9 10 
68 246 85 38 2 4 3 I 
71 147 123 77 40 12 2 I 2 
74 169 112 66 42 12 2 I 
77 2 140 103 53 20 12 3 I 
81 51 122 126 Si 34 13 5 I I 
84 55 113 120 58 40 12 3 3 
89 13 59 126 104 56 34 8 4 
93 14 54 | 106 g2 69 | 39 20 7 3 
97 8 53 59 104 95 40 II : 2 
102 I 30 59 102 119 52 2 9 
107 7 26 73 92] 115 | 49 34 8 
112 I 21 26 73 119 75 68 16 5 
117 9 26 57 90] 79 97 | 36 10 
123 6 II 34 84 118 89 47 15 
129 3 15 34 71 88 113 58 21 I 
135 4 14 39 59 | 107 101 63 17 
142 2 4 1S 28 73 122 92 64 4 
149 6 25 5 112 | 122 69 12 
156 5 15 36 89 | 117 104 30 
164 I 3 14 27 61 | 12 123 48 
172 I 6 13 21 43 | 108 143 69 
180 I 2 3 14 2 76 154 131 
189 2 I 9 14 40 116 222 
198 I I 6} 16 83 297 
Sum 784 | 962 | 1087 | 1044 | 1099 | 964 | 1056} 953 | 933 | 814 



































assigned to a certain group. The first column gives the stim- 
uli, that is the number of dots in the square. The other 
columns are marked with the numbers I to Io, referring to 
the 10 groups into which the subject sorted the cards. The 
table shows e.g. that the card with 68 dots was assigned to 
the first group in 246 cases, and that the card with 84 dots was 
assigned in 58 cases to the fourth group. The sum of the 
numbers on one line must be 404, since this is the number of 
experiments performed with every stimulus. 

Thurstone says that mere inspection of this table shows 
that the distribution of these numbers can not be normal, 
since the results accumulate at the ends of the table. The 
accumulation is very evident indeed in the upper left and 
lower right hand corner of the table, but the numbers in the 
central lines and columns show almost normal distributions. 
A closer scrutiny of these figures very likely will reveal the 
well-known small deviations from the normal which one finds 
in almost every empirical array, even if the sample is taken 
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from a population about the normal distribution of which 
there is no doubt. There is no marked asymmetry in the 
lines 102, 107, 112, 117, 123, 129, 135, and columns 5, 6, 7, 
and the symmetry of these distributions may be predicated 
with great confidence. 

There is no question as to the asymmetry of the distribu- 
tions in the other lines and columns: The figures break off 
suddenly at one side and gradually fall off at the other. A 
closer scrutiny suggests the following view. - The figures look, 
as if one had to deal with parts of normal distributions, 1.e. 
with symmetrical distributions cut off at the upper or lower 
end. The numbers in the lines 68, 71, 189, 198 may be re- 
garded as distributions of extreme asymmetry, corresponding 
rather closely to certain Pearsonian curves. Itis much harder 
to take this view in regard to the distributions 77, 81, 164, 
180, since the figures increase and decrease gradually, only 
to break off suddenly at one side of the maximum. This 
sudden breaking off is still more pronounced for the other 
observations and no Pearsonian curve can represent them 
without bias. All the data, however, are in perfect agreement 
with the view that we have to deal with normal distributions 
cut off at one end. 

Let us imagine that Table 1 is part of a larger table the 
additional data of which make all the distributions in Table 1 
complete and normal. Table 1 is cut out from this larger 
table. It would not be difficult to formulate this supposition 
in an abstract way, but the idea is sufficiently clear not to 
need further elucidation. The idea of this larger table is not 
far-fetched and seems to come to everybody who pays close 
attention to these data: Thurstone had it, when he speaks of 
the possibility that a card might be sorted into the 12, or 15, 
group. 

The idea of this larger table is useful and makes the results 
plastic, but it is not indispensable for our further discussion. 
The assumption that the figures in the ten columns represent 
normal distributions cut off at one end, is essential in so far 
as it enables us to use the method of constant stimuli, as will 
be seen later. This is a labor-saving device. Theoretically 
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the problem may be solved under the most general assump- 
tion, but the solution requires much more work. The treat- 
ment of Thurstone’s data requires an unusual effort anyhow 
and it is advisable to simplify the work as much as possible, 
for otherwise it might exceed the strength of the individual 
worker. 

The data of Table 1 may be treated by a process which is 
nothing else but the method of constant stimuli adapted for 
this particular case. I described this method in a paper which 
came outin 1915.2. Thurstone did not notice that this method 
applies to his data and we will work them out in this way. 

Table 1 may be resolved in a series of tables for the method 
of constant stimuli, each table referring to a different stand- 
ard. Let us consider e.g. the data in column 5. In these 
experiments the subjects judged the comparison stimuli 68, 
71, 74, .. . as equal to the standard 5. This standard is 
defined introspectively as the requirements which a stimulus 
has to fulfill in order to be assigned to the fifth group. The 
objective value of this standard is unknown and must be de- 
termined in the same way in which the intensity correspond- 
ing to the standard stimulus is found in the method of constant 
stimuli. This is done by the formula for the point of subjec- 
tive equality. 

The cases in which the stimuli were assigned to the groups 
6, 7, 8, 9, 10 correspond to the ‘greater’ judgments in regard 
to the standard 5, since sorting a card into the sixth or a higher 
group is equivalent to the statement that the stimulus pro- 
duced an impression which was stronger than to justify its 
assignment to the fifth group. In the same way: Sorting a 
card into one of the groups I, 2, 3, 4. is equivalent to a ‘smaller’ 
judgment with reference to the standard 5. 

This is a logical construction which does not intend, to 
obliterate the psychological difference between the groupings 
in the method of equal appearing intervals and the ordinary 
comparison judgments in the method of constant stimuli. 
Comparison and standard stimulus are directly and objec- 


2 F. M. Urban, Ueber Grossenschatzungen in objektiven Massen, Archiv. f. d. ges. 
Psychologie, 1915, Bd. 33, pp. 274-291. 
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tively given in the latter experiments only, while in the former 
the standard is given indirectly by the requirements which the 
subjects sets up in a rather obscure way. The investigation 
of the process by which the subject sets up the standards for 
the different groups is a difficult introspective problem, which 
has not yet been investigated. 

Sorting a stimulus into one of the ten groups is logically 
equivalent to a judgment, although it has not the form of one. 
Any experimenter who has used the method of constant stim- 
uli will have noticed the influence of apparently small changes 
in the form of the judgment on the relative frequencies of the 
different categories. It is not at all certain that the relative 
frequencies of the categories will remain unchanged, if oral 
expression of the judgment is substituted to the sorting of 
cards. The form of expressing the judgment may be of in- 
fluence on the judgment itself, and the direct comparison of 
the stimuli is different from the mental process in the method 
of equal appearing intervals. It is much more involved in 
the latter experiments. There is, at present, very little intro- 
spective evidence at hand about the process by which we as- 
sign a stimulus to a certain group and it is highly desirable 
that some competent person should undertake an introspec- 
tive analysis of the experiments in the method of equal ap- 
pearing intervals. 

Sorting a card into group 5 is equivalent to the statement 
that the stimulus satisfies the requirements which justify its 
assignment to this group. This means that the stimulus is 
too strong to be sorted into one of the groups 1-4, and too 
small to be sorted into one of the groups 6-10. The same 
holds true for all the other groups. This means that Table 1 
may be resolved in a number of tables with the categories 
‘smaller,’ ‘equal,’ ‘greater’ giving the frequencies of these 
judgments for the standards 1 to1o. These tables are exactly 
of the kind needed for the method of constant stimuli and we 
may draw all the advantages from this fact. ‘The first step 
consists in changing the absolute frequencies into relative 
frequencies. This is done in Table 2. 

We now have to set up the frequency tables for the method 
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TABLE 2 
Stimulus I 2 3 4 5 6 7 8 9 10 

68 0.61 O21 | 0.09 | 0.07 | O.O1 | O.OI 

71 0.37 | 0.31 | 0.19 | 0.10 | 0.03 

74 0.42 | 0.28 | 0.16 | 0.10 | 0.03 

77 0.18 | 0.35 | 0.26 | 0.13 | 0.05 | 0.03 | 0.01 

81 0.13 | 0.30 | 0.31 | 0.13 | 0.08 | 0.03 | Oo: 

84 0.14 | 0.28 | 0.30 | 0.14 | 0.10 | 0.03 | O.O1 | 0.01 

89 0.03 | 0.15 | 0.31 | 0.26 | 0.14 | 0.08 | 0.02 | O.O1 

93 0.03 | 0.13 | 0.26 | 0.23 | 0.17 | 0.10 | 0.05 | 0.02 | 0.01 

97 0.02 | 0.13 | 0.22 | 0.26 | 0.24 | 0.10 | 0.03 
102 0.07 | 0.15 | 0.25 | 0.30 | 0.13 | 008 | 0.02 

107 0.02 | 0.06 | 0.18 | 0.23 | 0.29 | 0.12 | 0.08 | 0.02 

112 0.05 | 0.06 | 0.18 | 0.30 | 0.19 | 0.17 | 0.04 | 0.01 

117 0.02 | 0.06 | 0.14 | 0.22 | 0.20 | 0.24 | 0.09 | 0.02 
123 0.01 | 0.03 | 0.08 | 0.21 | 0.29 | 0.22 | 0.12 | 0.04 

12 0.01 | 0.04 | 0.08 | 0.18 | 0.22 | 0.28 | 0.14 | 0.05 
135 0.01 | 0.03 | 0.10 | 0.15 | 0.27 | 0.25 | 0.16 | 0.04 
142 0.01 | 0.04 | 0.07 | 0.18 | 0.30 | 0.23 | 0.16 | 0.01 
149 0.01 | 0.06 | 0.14 | 0.28 | 0.30 | 0.17 | 0.03 
156 0.01 | 0.02 | 0.04 | 0.09 | 0.22 | 0.29 | 0.26 | 0.07 
164 0.01 | 0.03 | 0.07 | 0.15 | 0.32 | 0.31 | 0.12 
172 0.01 | 0.03 | 0.05 | O.11 | 0.27 | 0.36 | 0.17 
180 0.01 | 0.03 | 0.06 | 0.19 | 0.38 | 0.33 
189 0.02 | 0.03 | 0.10 | 0.29 | 0.55 
198 0.01 | 0.04 | 0.21 | 0.74 



































of constant stimuli. Let us take as an example the data for 
the standard 2. The column ‘equal’ gives the relative fre- 
quency of the cases in which the stimuli were judged equal 
to standard 2. The column ‘smaller’ gives the relative fre- 
quencies of the cases in which the stimulus was assigned to 
group I, 1.¢. was judged smaller than standard 2. The column 
‘greater’ gives the relative frequencies of the cases in which 
the stimulus was sorted into one of the groups 3-10, 1.¢. was 
judged greater than standard 2. The latter figures are ob- 
tained by adding in Table 2 all the numbers in a line at the 
right of the column 2. ; 

It looks as if such a table would have to be printed for 
everyone of the standards 1-9, and this would be a cumber- 
some affair. Fortunately one may take advantage of a 
peculiarity of the data in order to get along with one single 
table. Let us form in Table 3 the sums of the number, in 
the columns ‘smaller’ and ‘equal.’ These sums are by defini- 
tion the frequencies of the ‘smaller’ judgments for standard 3. 
The numbers on a line in Table 3 add up to unity, from which 
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it follows that the psychometric function of the ‘smaller’ 
judgments for standard 3 is obtained by subtracting from 
unity the psychometric function of the ‘greater’ judgments for 
standard 2. 











TABLE 3 
RELATIVE FREQUENCIES OF THE JUDGMENTS. STANDARD 2 
Comparison Stimulus Smaller Equal Greater 
68 0.61 0.21 0.18 
71 0.37 0.31 0.32 
74 0.42 0.28 0.30 
77 0.18 0.35 0.47 
81 0.13 0.30 0.57 
84 0.14 0.28 0.58 
89 0.03 0.15 0.82 
93 0.03 0.13 0.84 
97 0.02 0.13 0.85 
102 0.07 0.93 
107 0.02 0.06 0.92 
112 0.05 0.95 
117 0.02 0.98 
123 0.01 0.99 
129 0.01 0.99 
135 0.01 0.99 














These sums are given in Table 4. The figures in the first 
column are identical with those in column 1 of Table 2. Col- 











TABLE 4 
I 2 3 4 5 6 7 8 9 
68 0.61 0.82 0.91 0.98 0.99 1.00 1.00 1.00 1.00 
71 0.37 0.68 0.87 0.97 1.00 1.00 1.00 1.00 1.00 
74 0.42 | 0.70 | 0.86 | 0.96 1.00 1.00 1.00 1.00 1.00 
77 0.18 0.53 0.79 0.92 0.97 0.99 1.00 1.00 1.00 
81 0.13 0.43 0.74 0.87 0.95 0.98 1.00 1.00 1.00 
84 0.14 0.42 0.72 0.86 0.96 0.99 1.00 1.00 1.00 
89 0.03 0.18 0.49 0.75 0.89 0.97 0.99 1.00 1.00 
93 0.03 0.16 0.42 0.65 0.82 0.92 0.97 0.99 1.00 
97 0.02 0.15 0.37 0.63 0.87 0.97 1.00 1.00 1.00 
102 0.07 0.22 0.47 0.77 0.90 0.98 1.00 1.00 
107 0.02 0.08 0.26 0.49 0.78 0.90 0.98 1.00 1.00 
112 0.05 0.11 0.29 0.59 0.78 0.95 0.99 1.00 
117 0.02 0.08 0.22 0.44 0.64 0.88 0.97 0.99 
123 0.01 0.04 0.12 0.33 0.62 0.84 0.96 1.00 
129 0.01 0.05 0.13 0.31 0.53 0.81 0.95 1.00 
135 0.01 0.04 0.14 0.29 0.56 0.81 0.97 1.00 
142 0.01 0.05 0.12 0.30 0.60 0.83 0.99 
149 0.01 0.07 0.21 0.49 0.79 0.98 
156 0.01 0.03 0.07 0.16 0.38 0.67 0.93 
164 0.01 0.04 0.11 0.26 0.58 0.89 
172 0.01 0.04 0.09 0.20 0.47 0.83 
180 0.01 0.04 0.10 0.29 0.67 
189 0.02 0.05 0.15 0.44 


198 0.01 | 0.05 | 0.26 
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umn 2 gives the sums of the numbers in the first two columns 
of Table 2; column 3 gives the sums of the figures in the first 
3 columns of Table 2; and so on to the ninth column. Col- 
umn IO is omitted, since the sum of all the figures in one line 
of Table 2 must be equal to unity. The figures of column g 
may be obtained by subtracting from unity the correspond- 
ing figures in column 10 of Table 2. 

It is an obvious idea to adjust these data by the (y)— 
hypothesis. The general course of the figures closely resem- 
bles that of the psychometric functions of the ‘smaller’ 
judgments. It would not be surprising if a more detailed 
investigation showed the well known small deviations, but 
this hypothesis does excellent service as a first approximation. 
The constant process recommends itself by its simplicity. 
The relation between the psychometric functions of consecu- 
tive standards, which was mentioned in explaining Table 4, 
reduces the work by exactly 50 percent. 

The relative frequency of the ‘greater’ judgments for the 
standard 7 and the relative frequency of the ‘smaller’ judge- 
ments for the standard: + 1 add uptounity. The values of 
y are equal in both sets of equations and corresponding equa- 
tions have the same weight. The observation equations for 
the constant, of the psychometric functions of the ‘greater’ 
judgments for the standard 7 are identical with those for the 
constants of the psychometric functions of the ‘smaller’ 
judgments for the standard 1+ 1. The following proposi- 
tion holds true for every standard. The constants of the 
psychometric functions of the ‘greater’ judgments are equal 
to those of the psychometric functions of the ‘smaller’ judg- 
ments for the next higher standard. It is sufficient to do the 
work for the ‘greater’ judgments in order to obtain the com- 
plete adjustment of the data in’ Table 4. 

The observation equations are set up in the usual way. 
The details are found on p. 303 of my paper ‘ Ueber die Methode 
der gleichen Abstufungen.’ 

It is important to make the following remark. The work 
in setting up the normal equations is hard, because the stimuli 
are not equidistant which prevents the use of my tables for 
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the method constant stimuli. This is a great inconvenience 
for the computer who has to do the work. It is, however, 
not more than an inconvenience, since the result is found 
without the possibility of an error creeping in, if one follows 
the scheme outlined in my paper on psychophysical methods 
of 1909. 

The investigator who devises and makes experiments must 
consider the wishes of the computer as far as possible, but 
they never must be decisive in planning the experiments. 
The quality of the experiments must be the first consideration, 
Thurstone explains the reasons, why he decided against 
equidistant stimuli and one must fully approve of his decision. 
Had the comparison stimuli been equidistant, the last group 
very likely would have contained very many cards and the 
subject might have been disturbed by the fact that the groups 
kept on increasing. 

The solution of the normal equation gave the following 
results: 











TABLE 5 
Standard h Si S2 S: — Si E 

I 0.0506 68.32 

2 0.0391 68.32 79.39 11.07 73-74 
3 0.0353 79.39 92.07 12.68 85.40 
4 0.0320 92.07 104.65 12.58 98.05 
5 0.0297 104.65 118.74 14.09 111.27 
6 0.0283 118.74 131.47 12.73 124.95 
7 0.0293 131.47 149.17 17.70 140.30 
8 0.0295 149.17 166.86 17.69 157.88 
9 0.0352 166.86 187.31 20.45 177.99 
10 0.0352 187.31 




















There are no data for determining the lower limit of the 
interval of uncertainty for standard 1, and the upper limit 
for standard 10. The interval of uncertainty for standard 1 
is defined as the interval of the stimuli, in which the ‘smaller’ 
judgments as well as the ‘greater’ judgments have probabili- 
ties not exceeding 1/2. Outside of this interval the probabili- 
ties either of the ‘smaller’ judgments or of the ‘greater’ 
judgments exceed the value 1/2. The length of this interval 
gives an indication as to the precision with which the stand- 
ard 1 is perceived. The interval of uncertainty plays the 
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same part in these experiments as in ordinary psychophysical 
work. 

The interval of uncertainty does not vary regularly with the 
standard. These intervals are large and the values of A are 
small, what indicates that the standards are not very clearly 
defined. One might have guessed this fact from the relative 
frequencies of the equality judgments in Table 2. There 
are 169 values listed, but only three of them are greater than 
1/2. In so far as the equality judgments are concerned 
Thurstone’s data resemble those of my experiments on lifted 
weights in which the psychometric function of the equality 
judgments never reached the value 1/2. 

The data given above furnish the material for discussing 
the so-called Weber-Fechner Law. If one abstracts from the 
fact that the data were obtained in a group experiment, 
Thurstone’s results are probably the best material available 
at present for such a discussion. 

The Weber-Fechner Law is the object of an immense 
literature and it would be a somewhat useless undertaking to 
review all the opinions advanced on this topic. Before enter- 
ing into the discussion of Thurstone’s data and their bearing 
on this law, we will make some statements which escaped 
until now the attention of the investigators. They are rather 
obvious to anyone familiar with the statistical character of 
modern psychophysics, but they will help to settle many ques- 
tions of fact. Among the questions to which we offer a defi- 
nite answer, some of the most baffling problems of psychology 
are found. | 

Weber’s Law predicates the constancy of the relative 
threshold. By this one usually understands the ratio of the 
threshold of difference to the standard stimulus. On account 
of the constant errors the standard stimulus is not suited as 
point of reference. It seems obvious that the ratio of the 
interval of uncertainty to the point of subjective equality is 
the only value to which some such statement as Weber’s 
Law may be referred. These values are given below in the 


S. — S; 


third column under the heading ———— - 
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Fechner’s Law claims that sensation increases as the 
logarithm of the stimulus. Fechner derives this proposition 
as a consequence of Weber’s Law and these two propositions 
are logically equivalent, if there is no mistake in Fechner’s 
deduction. The statement that the laws of Fechner and of 
Weber are different propositions may seem superfluous, but is 
important nevertheless. 

It is hard, not to say impossible, to connect a definite 
meaning with Fechner’s proposition, since his equation con- 
nects quantities of different dimensions, putting a sensation 
equal to a physical quantity. One might say that this equal- 
ity is produced by the constant in Fechner’s differential 
equation, but this argument merely hides the difficulty 
without removing it, since we can not conceive of any constant 
producing equality between physical and psychical entities. 

Avoiding all theoretical considerations we pronounce 
Fechner’s proposition in a form, in which it has a definite 
meaning and in which it might be tested by experience: The 
estimation value, i.e. the point of subjective equality increases as 
the logarithm of the stimulus. This proposition implies that 
the ratio of equidistant estimation values must be constant. 
These ratios are given in the column §;: £4. 





TABLE 6 

Tue Point oF SuBJECTIVE EQUALITY AND RELATIVE THRESHOLDS 

Standard f,:&4 S ; Si 
ics .- 0.151 
oo .. 1.168 0.148 
Bana . 1.148 0.128 
ews . 1.135 0.127 
Ries . 1.123 0.102 
7 » 22a 0.126 
eas » 8.395 O.112 
- - 2.809 O.115 


The figures in the last column do not agree well with 
Weber’s Law. The difference between the largest and the 
smallest value is almost exactly 50 percent of the latter and one 
must be very modest in one’s demands on accuracy of statisti- 
cal results, if one speaks of the constancy of the relative thres- 
hold in Thurstone’s experiments. 
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The second column gives the values £;: &;;, 1.e. the ratio 
of the estimation values of consecutive standards. These fig- 
ures vary between 1.123 and 1.168 and the smallest value 
differs from the largest by not more than 4 percent of the 
latter. This agreement is all the more remarkable, since the 
precision of the determination of & is not very high and one 
will not find easily another statistical regularity referring to 
such complicated facts, which is fullfilled with equal accuracy. 

Fechner very likely would have taken this result as a 
splendid proof for the correctness of his law, which follows 
directly from this result, if the standards are equidistant. 
This assumption is hard to defend. It is true that the differ- 
ences between the standards seem to be equal, but it is ar- 
bitrary to represent them by equidistant points on the 
abscissa. Without settling this point the method of equal 
appearing intervals can not furnish a real proof of Fechner’s 
logarithmic law. At the best—if the results are as unambig- 
uous as in Thurstone’s experiments—one may venture the 
following formulation: Jf a stimulus interval 1s divided into a 
number of steps, which the subject perceives as equal, the estima- 
tion values of consecutive steps are in constant ratio. 

We must call attention to the remarkable fact that Fech- 
ner’s law is verified excellently, and Weber’s law rather poorly 
in the experiments under discussion. ‘This suggests the view 
that there exists no connection between these propositions and, 
should it exist, it must be very loose. It is unlikely that one 
of the propositions should be logically dependent on the other, 
as Fechner’s deduction of his law implies, for a given material 
should fit two equivalent propositions equally well. It will 
be interesting to continue the observation on this point, 
keeping in mind that the laws of Weber and of Fechner are 
different propositions. Perhaps.some material may be found 
in which Fechner’s Law is verified poorly and Weber’s Law 
well. 

The statistical conception of psychophysics removes the 
last trace of mystery surrounding Fechner’s Law. A state- 
ment about the increase of the estimation value of the stand- 
ard stimulus is perfectly plain and straightforward, for it 





THE WEBER-FECHNER LAW 233 


connects quantities of the same kind and dimension. The 
logarithmic law differs from other similar statements merely 
by the surprising accuracy with which it is verified in Thurs- 
tone’s experiments. It states a relation of medium, but by 
no means excessive complication between the constants of 
the psychometric functions for different standards. It stands 
at about the same level as the well-known proposition that 
the point of subjective equality divides the interval of un- 
certainty in the relation hy, : hy. 

This matter-of-fact view has, perhaps, the disadvantage 
not to appeal as strongly to the imagination as Fechner’s 
view. The logarithmic law seemed to establish a relation 
between physical and psychical quantities, and the mere 
existence of one such relation suggested the possibility that 
other, similar propositions may be found. The immense 
energy with which investigators of the whole world took up 
the study of psychology presumably was due to the exagger- 
ated hopes and expectations aroused by Fechner’s Law. This 
proposition found its correct place and formulation in the 
system of statistical psychophysics, but one may doubt 
whether psychology had advanced as rapidly as it did, had 
Fechner begun his system with a prosaic statement about the 
constants of the psychometric function. 

We explained the difficulty of proving the logarithmic 
law by the method of equal appearing intervals. Which 
experimental material is best suited for this purpose? The 
answer is easy, although it is very hard to procure the neces- 
sary data: We must experiment with different standards 
and procure for each of them a complete series for the method 
of constant stimuli. We calculate from these results the 
interval of uncertainty and the point of subjective equality 
for every standard and test on these figures Weber’s law as 
well as that of Fechner. Both these quantities depend on the 
constants hy, ¢:, he, co and one sees at once that the laws of 
Weber and of Fechner are statements about the constants of 
the psychometric functions for different standard stimuli. 

Let us consider a particular example in order to explain 
the character of such an investigation. We experiment with 
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lifted weights, standard weight first, avoiding the space error, 
and determine the psychometric function of the ‘smaller’ 
judgments. The standards are 70, 80, 90, 100, I10, 120 grs, 
each one of which is compared with a suitably chosen series 
of comparison weights. The data obtained enable us to de- 
termine the psychometric functions for all the standards. 

Let us draw the curves representing for all the standards 
the psychometric functions of the ‘smaller’ judgments on 
sheets of paper on the same scale and cut them out. We 
then place these figures in vertical position at equal distances 
on a horizontal plane. The curves outline a surface which 
sets in on the left side with values close to unity and falls off 
at first slowly, then more rapidly, and eventually with ever 
diminishing rapidity towards the horizontal which marks the 
value zero. The curves are the intersection of this surface 
with vertical planes constructed at the distances 70, 80, .. . 
120. The surface represents the probabilities of the ‘smaller’ 
judgment as dependent on the intensities of the comparison— 
and the standard stimulus. 

We may represent the dependence of the probabilities of 
the ‘greater’ and ‘equal’ judgment on the two stimuli in the 
same way. ‘The probabilities of the ‘greater’ judgments are 
represented by a surface gradually rising towards the right 
and approaching the value I asymptotically. The curve 
representing the psychometric function for a given standard 
stimulus is given by the intersection of this surface with a 
vertical plane at the given distance. 

The probabilities of the equality judgments are repre- 
sented by a kind of hill or ridge extending roughly in the direc- 
tion of the Y-axis. The intersection of this surface with verti- 
cal planes gives the psychometric function of the equality 
judgments for the corresponding standard stimulus. 

There are several ways of indicating the course of these 
surfaces. [The most direct way consists in giving the cross- 
sections of the surface with a number of vertical planes. An- 
other method consists in constructing the level-lines. Both 
methods are laborious and yield results which in one respect 
at least are unsatisfactory. The probabilities of the different 
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judgments are determined from the observed relative fre- 
quencies, which are affected by the unavoidable errors of 
observation. It seems illogical to waste a great deal of work 
merely for preserving data of which one is sure that they can 
not be absolutely correct. 

The best solution is found in the following way. The 
surfaces represent the psychometric function and are given 
by certain analytic expressions, differing according to the 
conditions of the experiments and the psychophysical consti- 
tution of the subject. These expressions contain a certain 
number of constants which must be determined from the data 
of observation. Were these expressions known, the determi- 
nation of the constants would not offer any great difficulty. 
In fact it is a problem well known from the method of constant 
stimuli. The question merely is how to find these expres- 
sions. It will be shown that no new hypothesis has to be 
made and that the problem is solved by a perfectly natural 
generalization of the method of constant stimuli. 

Let us draw in the horizontal plane a line parallel to the 
abscissa at the distance s. A vertical plane through this 
line will intersect the surface in a certain curve representing 
the psychometric function for the standard 5s, first time order, 
standard first. Now let us draw in the distance s a line par- 
allel to the ordinate and lay a vertical plane through this 
line. This plane will intersect the surface in a curve repre- 
senting the psychometric function for the second time order, 
standard second. The probabilities refer to experiments in 
which a variable weight is lifted first and compared with a 
constant weight; lifted second. 

It is customary to use the method of constant stimuli for 
experiments in the second time order as well as for those in 
the first. The ®(7) hypothesis represents the psychometric 
functions for both time-orders and this means that we know the 
form of the surface along intersections parallel to the abscissa 
as well as to the ordinate. This enables us to determine the 
general formula of this surface. 

The problem is solved by calculations similar to those in 
the method of constant stimuli. There is just one small 
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difference: We have four unknown quantities, instead of two. 
The work is not exactly difficult, but rather involved so that 
some care is needed to lead the computation to a successful 
end. ‘The theory of the whole process and the convenient 
arrangement of the computation is explained in a separate 
paper.® 

Let us return to Table 4 and look at it in the light of the 
preceding considerations. It is a table of double entry, the 
first referring to the stimulus, the second to the intermediate 
steps accessible to the introspections of the subject only. The 
numbers I, 2, . . . 10, by which we designate these steps, are 
ordinal numbers and instead of them we might just as 
well use the letters a, b, . . . 7. The constants of the psy- 
chometric functions for these standards are given above and 
these results are independent of the supposition that the 
manifold of the intermediate steps is measurable. ‘The cor- 
rectness of this statement is seen from the fact that the inten- 
sity of the standard stimulus does not enter the calculations 
of the method of constant stimuli. 

Here is the psychic manifold of the intermediate steps 
and we want to treat the question of its measurability as a 
question of fact: What consequences do we obtain by treat- 
ing this manifold as measurable? Its measurability is a 
hypothesis which we want to test by its consequences. ‘The 
method of testing this hypothesis is straightforward: The data 
obtained under the assumption of the measurability of this 
psychic manifold must be compared to those found indepen- 
dently of thishypothesis. Iftheagreement between the results 
obtained by the two methods is sufficiently close we will con- 
clude that experience does not contradict the assumption of 
the measurability of psychic manifolds. The chance to ap- 
proach this problem by experimental methods must not be 


missed.* 

3F. M. Urban, Die Verallgemeinerung der Konstanzmethode, Archiv. f. d. ges. 
Psychologie, 1931, 80, pp. 167-178. The method of constant stimuli lends itself to 
many, very varied generalizations and some of my former publications deal with the 
same topic. I like to call attention to a mistake in the table on p. 174. The figures 
for P are not correct. The further data from p. 176 onward are based on the correct 
values and this mistake has no influence on the final result. 

4F. M. Urban, Die Messbarkeit psychischer Mannigfaltigkeiten, Archio f. d. ges. 
Psychologie, 1932, 85, pp. 230-236. In the numerator of formula 25 on p. 235 the sign 
must be changed. 
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We assume that the manifold of the intermediate steps is 
measurable. The numbers I, 2, ... 10, then, are symbols 
of quantity which we may use in the usual way. This-enables 
us to determine the constants of the psychometric functions 
in a new way, since both entries of Table 4 refer to ordinary 
quantities. The table gives the empirical determinations of 
the probabilities of the judgments and the data have exactly 
the form needed for the application of the generalized method 
of constant stimuli. I do not attempt to outline the course of 
this calculation, for anybody interested in these technical 
matters may look it up in my paper in the Archiv. 

The following table shows the results for the lower limit of 
the interval of uncertainty, for the point of subjective equality, 
and for the constant h. ‘To each one of these quantities a 
double column is given, the one marked I referring to the 
values found under the supposition of the measurability of 
the manifold of the intermediate steps, and the one marked 
II giving the values found independently of this hypothesis. 

















TABLE 7 
S1 h 3 
Stand- 
ard 
I II I Il I II 

2 64.86 68.32 0.0345 0.0506 "71.09 73.14 
3 77-40 79-39 0.0337 0.0391 53.91 85.40 
4 90.58 92.07 0.0329 0.0353 97.40 98.05 
5 104.40 104.65 0.0321 0.0320 111.57 111.27 
6 118.92 118.74 0.0313 0.0297 126.46 124.95 
7 134.21 131.47 0.0305 0.0283 142.50 140.30 
8 150.31 149.17 0.0297 0.0293 158.70 157.88 
9 167.31 166.86 0.0289 0.0295 176.18 177.99 

10 185.28 187.31 0.0281 0.0352 


























The upper limit of the interval of uncertainty being equal 
for every standard to the lower limit of this interval for the 
next higher standard, it is sufficient to give the values of S, 
for standards 2,3, .. . 10. The point of subjective equality 
for standard 10 can not be found directly and is omitted in 
the table. 
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There is just one pair of values—A for standard 1—for 
which the agreement between the two results is poor. In 
all the other cases the agreement is good, in many cases ex- 
cellent even. There is no need for any further discussion and 
we formulate the conclusion in this way: The supposition that 
the psychic manifold of the intermediate steps 1s measurable 
agrees well with the results of Thurstone’s experiments. 


(Manuscript received August 6, 1932) 








THE RELATIVE QUICKNESS OF VISUAL AND 
AUDITORY PERCEPTION ! 


BY WILEY F. SMITH, Pu.D. 
University of South Carolina 


I. INTRODUCTION 


Historical Sketch—Three methods of investigation have 
been used in studying the quickness or the relative quickness 
with which the perceptual processes may occur for the differ- 
ent sensory modalities: (1) simple reactions, (2) the so-called 
complication pendulum technique, and (3) a direct compari- 
son of the stimuli. A large majority of these studies have 
been concerned with the quickness of the subject’s response 
to visual and auditory stimuli. .They have sought to throw 
light on the nature of the so-called ‘personal equation,’ which 
baffled the astronomers at the beginning of the nineteenth 
century. 

It is obvious that the time of response (reaction time) to 
a stimulus is affected by the quickness with which the stim- 
ulus is perceived, but it does not necessarily indicate the speed 
of the perceptual process. Warren (1930), Woodworth 
(1929), and others hold that the mental process of perceiving 
takes place before the motor impulse starts. Quite recently 
Jacobsen (1930) has presented evidence to the effect that 
incipient motor impulses must accompany such mental proces- 
ses as perceiving, imagining, and the like. It is the view of 
Myers (1928) that the psychological causes of the errors to 
which an astronomer is liable (the personal equation) may be 
accounted for simply by adding the alterations of apparent 
time order, produced by change of the field of attention, to 
the individual differences in reaction time. Just how this 
laborious process sheds light on the perceptual time is exceed- 
ingly difficult to understand. Indeed the reaction time ex- 
perimentors have investigated only the quickness of the re- 


1The writer is greatly indebted to Dr. Joseph Peterson for suggestions and 
criticisms in connection with the present study. 
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sponse—the time needed for a predetermined response to take 
place after the excitation of the receptor; they have not 
attempted to discover the interval of time at which a percep- 
tion (or awareness) of the stimulus occurs. To hear a sound 
is quite a different experience from that of pressing a button. 

The results obtained by means of the complication pendu- 
lum are too controversial to be given any consistent psy- 
chological interpretation. These experiments required the 
revolving of a pointer before a scaled clockface. At some 
moment of its revolution, unknown to the observer, a bell is 
sounded. The subject is to report the position of the hand at 
the moment the bell is heard. Here the problem is to dis- 
cover the temporal relation of a single auditory impression to 
a continuous series of visual impressions, into the course of 
which the auditory is suddenly introduced. It was hoped 
that by this ‘complication’ technique reliable data might be 
secured in respect to the speed of the visual and auditory 
processes. Since Burrow’s (1909) summary of these experi- 
ments Dunlap (1910) has shown the dependence of this type 
of procedure upon eye-movements, and Yoakum (1916) has 
reinvestigated and sought means of controlling the factor of 
after-images. 

The results of these complication experiments have been 
vitiated not only by the errors due to after-images and eye- 
movements, but by such other uncontrolled factors as percep- 
tion of time, space, position and movement. Furthermore, 
the experiments have not taken into account factors of adap- 
tation, intensities of the stimuli, and the phenomena of sound 
localization. 

A third and more direct method of approach to the prob- 
lem was introduced by Exner (1875). His subjects were 
required to determine the time order of nearly simultaneaus 
clicks and flashes. Results obtained by Exner were to the 
effect that in order for the light to be perceived first it must 
precede the sound by an interval of 160 milliseconds (thou- 
sandth of a second, abbr. ms)? before 75 percent of the 


2'The writer is following Boring’s (1930, p. 362) suggestion in using the term 
millisecond rather than sigma as an expression of thousandth of a second. The term 
is abbreviated ms. 
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judgments were correct. On the other hand if the sound 
preceded the light by an interval of 63 ms it was perceived 
first. Several investigators have repeated Exner’s experi- 
ment, but with discordant results. Gonnesiat (1892), Peters 
(1905), and Minnemann (1911) find results that agree in the 
main with those obtained by Exner. Bloch (1887), Tracy 
(1893), Hamlin (1893), Weyer (1903), and Whipple (1899), 
on the contrary, find that the order flash-click is more easily 
recognized. It was found that the order was not affected by 
‘serial’ or ‘single pair’ presentation of the stimuli. It is 
suggested by the former group of experimentors that the differ- 
ence in the perceptual time is due to a greater lag in the 
reception of the visual stimulus, but the latter group claim 
their results are due to the greater ‘attention-claiming quality’ 
attaching to the flash. 

The Problem.—Myers (1928, p. 315) concludes from the 
experiments on the method of direct comparison of the stimuli 
that “For a flash of light to be perceived earlier than a momen- 
tary sound, the light must precede the sound by from 60 
sigma to 100 sigma; when this interval falls to be about a 
quarter of this value the sound is experienced before the light.”’ 
Apparently this conclusion is taken from Exner’s data, which 
are not statistically reliable, and at the same time are vitiated 
by the uncontrolled factors referred to above. An examina- 
tion of the literature fails to disclose any systematic investiga- 
tion of the present problem. In the studies reported no at- 
tempt has been made to control the effects of varying the in- 
tensities of the stimuli, or to balance the so-called ‘attention- 
claiming qualities’ attaching to the stimulus. The lag in the 
flashing speed of the light and the reaction time of the sound 
stimulus has not been taken critically into account. These 
and other sources of error we have sought to control in our 
attack on the problem. 

On a purely a priori basis it would seem that the above 
conclusion from Myers would be affected if we vary the in- 
tensities of either the visual or the auditory stimulus. This, 
in part, is the problem to which we have addressed ourselves. 
More specifically, we shall attempt to determine the relative 
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speed of the visual and auditory processes when varying 
intensities of the sound stimulus are paired with varying in- 
tensities of the light stimulus. 


I]. ExperImmMENTAL 


A pparatus.—Plate I shows a perspective drawing of the principal parts of the 
apparatus used throughout this experiment. The upper half of the drawing shows the 
part that was used in the experimentor’s room; the lower half was placed on a table in 
a darkened room across a hall way from where the experimentor worked. The ap- 
paratus was constructed so as to present simultaneously or nearly simultaneously (at 
predetermined intervals) a click from either of the four sounders with a flash from either 
of the four lights. This manner of presentation was accomplished by means of the 
switchboard attached to the dial of the Hopkins chronoscope. The rotating hand was 
used to make and break the electric currents which produced the stimuli. The short 
end of the hand was extended by means of a non-conducting attachment so that it 
would close the circuit on one of the contacts and not affect the other: the long end of 
the hand closed only the left contact. These contacts would be closed for an interval 
of only 20 ms. This was about the least interval that would permit the full flash of 
the brighter lights to occur. The current for the sounders was produced by means of 
three dry-cell batteries. The lights were connected with the 110 volt current from 
which the building is lighted. 

Since the hand on the dial of the chronoscope rotates at a constant speed (69 times 
per minute with the Tungar rectifier), the interval between the light and sound can be 
definitely determined and conveniently varied by moving either of the contacts one 
way or the other from the position of simultaneous presentation (shown in the drawing). 
The clamps to which the contacts were fastened were constructed so that their posi- 
tions could be changed within two or three seconds and with a very fine degree of 
accuracy. 

The four different light intensities were produced by ordinary Mazda lamps of 
15, 25, 40, and 75 watts, respectively. These lights were placed 80 centimeters from 
position of subject’s eyes and just above the end of a white cardboard cylinder 25 cm in 
diameter: they were entirely concealed from the field of vision. Directly behind this 
cylinder was a white surface which aided in reflecting the light somewhat evenly over 
the entire surface exposed to subject’s eyes. The intensity of these lights from the 
position of subject’s eyes was 0.2, 4, 16, and 32 foot-candles, respectively, in the order 
named above. Hereinafter these lights will be designated with the letters 4, B, C, and 
D; letter A being for the dimmest, as produced by the 15 watt bulb, etc. 

The determination of the flashing speed*of these lights presented a problem of 
considerable difficulty. It appeared from an examination of the literature in the 
physics journals that no such determinations: had been made in the case of an ordinary 
line of simplified Mazda lamps.’ A detailed description of our attack on this particular 
problem cannot be given in this paper. Owing to a lack of adequate laboratory facili- 
ties, we decided to attack the problem by making use of the principle (or law) of free- 
falling bodies. 





3 Dr. Forsythe of the General Electric Company writes me that he is just begin- 
ning such an experiment. He expects to determine the flashing and cooling-off speed 
of a simplified line of the ordinary Mazda lamps on a 110 volt circuit. 
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Pirate I. 
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The falling object was a wooden frame 10” X 22” with a movable cardboard 
attached. When this frame had fallén a given distance (254 mm in these measure- 
ments) it closed a contact which turned on the light. This light bulb was enclosed in 
a small box containing an opening § mm in width. The cardboard attached to the 
falling frame could be moved upward from the position of the contact until the onset of 
the flash was just visible. At this point the part of the flash at which the wire was 
barely red could be observed and the time-interval easily calculated. By increasing 
the distance of the cardboard from the point of contact we could obtain the time-period 
for the occurrence of the maximum brightness. The resistance offered by the air and 
the closing of the contact was so slight as to be practically negligible for our measure- 
ments. By this method we were able to determine within approximately 0.1 ms the 
time-period of the onset and maximum brightness of the flash of the different light 
bulbs. Obviously, the period of maximum brightness was much more difficult to 
determine than the period of the onset. The following flashing speeds were obtained 
for the four light bulbs used: 











15-watt 25-watt 40-watt 75-watt 
Time in ms for: 
ee 6.2+0.4} 8.80.5 | 10.10.8 | 11.0+1.7 
‘Complete flash.......... 11.8+2.3 | 14.7+2.8 | 17.043.6 | 24.0+6.0 

















By the same procedure we were able to determine the reaction time of the tele- 
graph sounders. By arranging the sounder so that the fall of the hammer against 
the diaphragm would admit a beam of light through a small opening we could deter- 
mine the time required for the occurrence of the click. The adjustment of the movable 
cardboard to the point at which the light became visible gave the distance traversed by 
the falling frame from the time the contact was closed until the hammer hit the dia- 
phragm. This distance was approximately 19 mm; and since the frame had fallen 
254 mm when the contact was made, the additional space described required an interval 
of 8.4 ms.‘ This interval we have assumed to be the reaction time of the telegraph 
sounders. ‘These results are in close agreement with those obtained in physics labora- 
tories. Minnemann (1911, p. 341), working by photographic methods, found the time 
period for the lag in similar instruments to be 8.7 ms. No results are available at 
present with which we can compare the measurements obtained on the flashing speed 
of the Mazda lamps. 

The four sounders were placed radially in the median plane at a distance of 10 cm 
apart and 33 cm from subject’s ears. This arrangement was meant to prevent possible 
effects of localization phenomena, and other ‘attention claiming qualities’ of the 
stimulus. An attempt was made to express quantitatively the intensity differences 
of the clicks produced by the sounders. Since the intensity of a sound (for the physi- 
cist) produced by a falling body is directly proportional to the height of the fall, we 
can easily calculate the approximate intensities of the different clicks. This was done 
by making a number of comparisons of the height from which a metallic weight was 
required to fall in order to produce a sound apparently equal in intensity to the one 
employed. Following this procedure and expressing the intensities in terms of gram- 





‘Kymographic measurements showed that the time required for the hammer to 
fall from position of rest to the diaphragm was only .3 ms in case of the loudest sounder. 
Such measurements were not made on the other three sounders. 
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centimeters (g cm) of kinetic energy released, we have 0.2, 3, 20, and 72 g cm, respec- 
tively, for the four sounds. Hereinafter these sounds will be designated with the 
numbers 1, 2, 3, and 4, in the order of intensity, 1 being the faintest click and 4 the 
loudest. These sounders were arranged on the shelves in the order of increasing 
intensity from the top to the bottom, the loudest being on the bottom shelf. 

Procedure.—The subjects consisted of 80 college students (14 men and 66 women) 
taking work in general psychology in the Jesup Psychological Laboratory. They 
were all unpracticed in this particular discriminatory process. Each subject observed 
alone in a darkened room relatively free from any distracting noise of the chronoscope 
or other outside influences. The total time required of each subject was approximately 
one hour. This time was divided into two sittings of 30 minutes each, which for the 
most part came on successive days. The subjects were arranged by a chance order 
into two groups, 4 and B, with 40 members in each group. Members of both groups 
were instructed orally (and individually) as follows: 

In this experiment you will be given.a number of trials in which a flash of light 
and a click of a telegraph sounder will be presented apparently together or with 
only a very short interval between them. The presentation of these stimuli will 
follow a chance order. A trial will consist of a series of 10 presentations occurring 
at about 1 second apart, or a total time of 10 seconds. Furthermore, the dif- 
ferent trials will consist of different combinations of stimulus intensities, but no 
intensity change will occur during the presentations of the particular trial. In 


many of the trials your judgments will be very difficult to determine, so when you 
are in doubt you must guess. 


Members of Group 4 were further instructed as follows: 


Your task is to determine which stimulus appears to be presented first. No doubt- 
ful reports must be given. You will communicate your report to me at the end 
of each trial by pressing this key (which connects with a telegraph sounder in my 
room) once if the light is perceived first, and twice if the sound is perceived first. 
An interval of about 5 seconds will elapse between each trial. 


Members of Group B received the further separate instructions: 


You are to determine whether or not there is an interval between the paired 

stimuli—are they perceived simultaneously or is there a slight interval between 

them. No doubtful reports must be given. At the end of each trial you will 

communicate your report to me by pressing this key (which connects with a 

telegraph sounder in my room) once if the stimuli fuse (perceived simultaneously) 

and twice if an interval was noticed. An interval of about 5 seconds will elapse 
between each trial. 
Each subject was given a few preliminary presentations with clearly noticeable intervals 
between the stimuli and also when the stimuli were nearly simultaneous; also some of 
the intensity combinations were given. This preliminary training was fairly constant 
for all the subjects. 

Since either of the four lights could be paired with either of the four sounds, we 
had sixteen combinations of stimulus intensities. A chance order of presentation was 
followed, not only for the intensity combinations but for the ms-interval between the 
paired stimuli in each successive trial. In all, each subject was given 144 trials, 
one-half of which followed the click-flash order and one-half the flash-click order. 
From each subject, therefore, we obtained a total of 1,440 judgments. This would 
give for the 80 subjects a grand total of 115,200 judgments to be used in the following 
treatment of our results. 


Results —It was planned to present the stimuli simul- 
taneously and at intervals of 15, 30, 60, and 100 ms between 
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the stimuli for both click-flash and flash-click orders of pre- 
sentation. ‘These intervals could not very well be used due to 
the lags in the lights and sounders, and to the fact that the 
hand on the dial rotated 69 times per minute instead of 60 
times. The intervals, therefore, between the onset of the 
two currents (producing the clicks and flashes) were 0, 13, 26, 
52, and 87 ms. ‘The clamps on the dial could be adjusted to 
these intervals quickly and accurately. Now if the two con- 
tacts were closed simultaneously (see position as shown in 
Plate 1), the click from either of the four sounders reached sub- 
ject’s ears 2.4, 5.3, 7-6, and 12 ms earlier than flashes from the 
lights 4, B, C, and D, respectively. For the click-flash order 
these lag differences must be added to the interval between 
the onset of the two currents: for the flash-click order the 
differences must be subtracted from this interval. This 
situation accounts for the differences in the intervals between 
the paired stimuli for the different light intensity combinations 
as will be noticed in Tables I and II. | 

In Table I we have given the results obtained from Group 
A. ‘The intensity combinations are shown in the first column 
at the left. The figures under the letter S designate the sound 
intensity (see p. 9) and the letters under L designate light 
intensities (see p. 6). The interval between the stimuli is 
indicated by the numbers just above the line for each of the 
four sets of figures. ‘Thus the 89.4 in the upper left corner of 
the table means that the sound preceded the light this number 
(89.4) of milliseconds (.001 sec) when light-4 was presented. 
Similarly the 84.6 at the right end of this line means that the 
light preceded the sound this many ms for the intensity 
combinations shown at the left. In like manner may the 
intervals be read for the remaining intensity combinations. 
(These designations apply similarly for Table II.) The two 
columns at the right show the time necessary to give 75 
percent correct judgments for both the click-flash (C—-F) and 
the flash-click (F—C) orders of presentation. 

The threshold values for each group of subjects were 
determined in accordance with the criterion (basis of judg- 
ment) used. Since for Group 4 50 percent of the judgments 
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TABLE I 


PERCENTAGE OF LIGHTS AND SouNpDS PERCEIVED First spy Group 4 FOR THE 


DIFFERENT INTENSITY COMBINATIONS AT VARIOUS MS INTERVALS BETWEEN THE 
PAIRED STIMULI. 








Time in ms. 


Inten- Sound Presented First Light Presented First Necessary to 
sity in ms. Intervals in ms. Intervals Give 75% 
Threshold 





S-L 89.4 54.4 28.4 15.4 2.4 10.6 23.6 49.6 84.6 | C-F* | F-C* 








1-A | 90.0 | 82.5 | 67.5 | 60.0 | 50.0 | 62.5 | 72.5 | 82.5 | 87.5 | 41.0 | 30.1 
2-A | 90.0 | 80.0 | 75.0 | §5.0 | 50.0 | 67.5 | 75. 

3-A | 97-5 | 92-5 | 75.0 | 65.0 | 57.5 | 57-5 | 6 
4-A | 97.5 | 85.5 | 82.5 | 70.0 | 62.5 | 50.0 | 5 





92.3 | 57-3 | 31-3 | 18.3 5.3 7.7 | 21.7 | 46.7 | 81.7 





1-B | 92.5 | 75.0 | 67.5 | 50.0 | 60.0 


70.0 | 80.0 | 87.5 | 90.0] 57.3 | 14.7 
2-B | 97.5 | 87-5 | 75-0 | 57-5 | 47-5 | 62.5 | 67.5 | 80.0 | 97.5 | 31.3 | 36.7 
3-B | 97.5 | 87.5 | 77-5 | 72-5 | 55-0 | 57-5 | 70.0 | 80.0 | 95.0 |] 24.8 | 34.2 
4-B | 95.0 | 92.5 | 72.5 | .62.5 | 52.5 | 60.0 | 70.0] 80.0 | 92.5 | 27.4 | 34.2 





94.6 | 59.6 | 33.6 | 20.6 7.6 5-4 | 18.4 | 44.4 | 79.4 




















1-C | 80.0 | 82.5 | 70.0 | 55.0 | 40.0 | 67.5 | 80.0 | 95.0 | 92.5 | 44.0 | 13.2 
2-C | 92.5 | 80.0 | 67.5 | 55.0 | 45.0 | 65.0 | 70.0 | 80.0 | 92.5 | 49.2 | 31.4 
3-C | 95.0 | 85.0 | 72.5 | 65.0 | 52.5 | 70.0 | 72.5 | 82.5 2.5 | 38.8 | 35.0 
4-C | 97.5 | 95.0 | 67.5 | 52.5 | 45.0 | 60.0 | 65.0 | 87.5 | 90.0 | 40.6 | 30.0 
99 | 6 | 38 | 25 12 I 14 | 40 | 75 
1-D | 80.0 | 72.5 | 65.0 | 50.0 | 35.0 | 70.0 | 80.0] 85.0 | 87.5 | 75.5 7.5 
2-D | 87.5 | 75.0 | 65.0 | 45.0 | 37.5 | 72.5 | 75.0 | 85.0 | 87.5 | 64.0 | 14.0 
3-D | 87.5 | 77-5 | 72-5 | 57-5 | 45-0 | 57-5 | 75.0 | 82.5 | 90.0] 51.0 | 14.0 
4-D | 90.0 | 77.5 | 70.0 | 600 | 57-5 | 52-5 | 72-5 | 87-5 | 97-5 | 55.3 | 18.3 



































* C-F means click-flash order, F-C, flash-click order. 


(at simultaneous presentation) should be correct by chance, 
the place at which the stimulus difference is as often appreci- 
able as inappreciable should occur near the 75 percent 
threshold. Applying this principle of deducing thresholds (Cf. 
Myers, 1928, p. 197) to the judgments of Group 8B, it is clear 
that this value should be placed at that distance in ms from 
simultaneous presentation at which an equal number (50 per- 
cent) of intervals and fusions are perceived. The intensity 
effects upon the size of the thresholds for Group 4 are repre- 
sented graphically in Figs. 1 and 2. 

The curves in Fig. 1 show the effects of increasing the in- 
tensity of the light upon the quickness with which either of the 
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paired stimuli may be perceived first for the click-flash and 
the flash-click orders of presentation. ‘Thus if S-4 is presented 
with L—A (.2 f c) it (S-4) is perceived first when the interval 
between the two stimuli is only 20.4 ms; but if the light is 
presented first it will be perceived first when the interval is 
42.5 ms. If it is made brighter the intensity effects are 
clearly noticeable. The size of the threshold increases to 
55-3 ms when the bright light (32 f c) is paired with the same 


a Click-Fleah Order Flesh-Click Order 





1s > 4 16 











30.2 








Frc. 1. Illustrating the thresholds for the different intensity combinations along 
the light continuum (Group 4). Ordinates represent light intensity in foot-candles; 
abscissz represent millisecond-iutervals from simultaneous presentation. 


sound for the click-flash order, and decreases to 18.3 ms for 
the flash-click order. The intensity effect in the former case 
is to retard the speed of the auditory process 35.1 ms, and at 
the same time the visual process is accelerated 24.2 ms. The 
curves show somewhat similar effects when the faint sound 
(S-1) is paired with the same lights. The smooth line is _a 
composite (average of the thresholds of the four sound intensi- 
ties) curve and shows that intensity effects are fairly constant 
at all points along the light continuum for both orders of 
presentation. The flash-click order is recognized earlier when 
the brighter lights are used but not necessarily in case of the 
dimmer lights. ‘The distances of the curves from each other 
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indicate intensity effects of the auditory stimuli, but these 
effects are represented more clearly in Fig. 2. 

Figure 2 shows the thresholds for the intensity effects along 
the sound continuum. As in Fig. 1 the curves represent 
strong and weak stimulus intensities. It is noticed that a 
sound intensity beyond that of 20 g cm (S-3) has little or no 
effect upon the time for the click-flash or the flash-click order 


Click- Oréer Plesh-Click Order 
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Fic. 2. Illustrating the thresholds for the different intensity combinations along 
the sound continuum (Group 4). Ordinates represent sound intensity in gram 
centimeters; abscisse represent millisecond-intervals from simultaneous presentation. 


of recognition. ‘The composite curve (smooth line) shows the 
general trend of intensity for both orders of presentation along 
the sound continuum. 

The curves in Figs. 1 and 2 show a decided tendency to 
perceive the light earlier than the sound. Exceptions to this 
tendency, however, are found when the louder sounds are 
presented with the dim lights. We cannot say that a sound 
is as loud as a light is bright: it may be possible so to equate 
visual and auditory stimuli but we have made no attempt to 
do so. The thresholds give some indication as to how bright 
a light must be in order to be perceived as quickly as a sound of 
a given intensity, and vice versa. Some further light on the 
problem may be seen by examining the results obtained from 


Group B. 
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TABLE II 


PERCENTAGE OF INTERVALS PERCEIVED BY Group B For THE DIFFERENT INTENSITY 
ComBINATIONS AT Various MS INTERVALS BETWEEN THE PAIRED STIMULI 








Time in ms. 








Inten- Sound Presented First Light Presented First Necessary to 
sity in ms. Intervals in ms. Intervals Give 50% 
Threshold 

S-L 89.4 54-4 28.4 15.4 2.4 10.6 23.6 49.6 84.6 | C-F* | F-C* 

1-A | 82.5 | 67.5 | 50.0] 30.0 | 22.5 | 27.5 | 37.5 | 67.5 | 87.5 | 28.4 | 34.4 

2-A | 95.0 | 60.0 | 52.5 | 20.0 | 17.5 | 22.5 | 37-5 | 67.5 | 80.0 | 27.3 | 34.4 

3-A | 82.5 | 70.0 | 52.5 | 25.0 | 17.5 | 20.0 | 30.0] 52.5 | 75.0 | 27.2 | 46.7 

4-A | 92.5 | 77-5 | 57-5 | 27.5 | 22.5 | 25.0 | 32.5 | 50.0 | 82.5 | 25.9 | 49.6 





92.3 | 57-3 | 31-3 | 18.3 5-3 7.7 | 21.7 | 46.7 | 81.7 











1-B | 90.0 | 75.0 | 47.5 | 35.0 | 17.5 | 20.0 | 35.0 | 67.5 | 80.0 | 33.6 | 32.7 
2-B | 85.0 | 77.5 | 60.0 | 22.5 | 20.0] 27.5 | 32.5 | 65.0 | 90.0 | 28.3 | 34.7 
3-B | 90.0 | 800 | 40.0 | 22.5 | 17.5 | 30.0 | 40.0 | 77.5 | 87.5 | 37.8 | 30.2 
4-B | 90.0 | 70.0 | 30.0 | 25.0 | 20.0 | 25.0 | 35.0 | 60.0 | 82.5 | 41.7 | 41.2 
94.6 | 59.6 | 33.6 | 20.6 7.6 5-4 | 18.4 |] 44.4 | 79.4 
1-C | 87.5 | 67.5 | 60.0] 25.0 | 22.5 | 27.5 | 32.5 | 65.0 | 82.5 | 29.9 | 29.3 
2-C | 90.0 | 75.0 | 42.5 | 30.0 | 20.0 | 25.0 | 32.5 | 60.0 | 92.5 | 39.3 | 34.9 
3-C 82.5 | 77-5 | 47-5 | 22.5 | 25.0] 17.5 | 27.5 | 70.0 | 92.5 | 37.7 | 32.1 
4-C | 72.5 | 65.0 | 32.5 | 17.5 | 22.5 | 25.0 | 35.0 | 65.0 | 87.5 | 47.3 | 31.4 





99 | 64 | 38 | 25 2 | 1 14 40 | 75 





1-D | 67.5 | 60.0 | 47.5 | 25.0 | 27.5 | 30.0 | 35.0 | 62.5 | 87.5 | 43.2 | 28.4 
2-D | 72.5 | 62.5 | 50.0 | 25.0 | 30.0 | 35.0 | 45.0 | 67.5 | 92.5 | 38.0 | 19.7 
3-D | 75.0 | 70.0 | 45.0 | 27.5 | 20.0 | 32.5 | 55.0 | 80.0 | 90.0 | 43.2 | 21.1 
4-D | 80.0 | 67.5 | 50.0 | 25.0 | 20.0] 27.5 | 52.5 | 77.5 | 80.0] 45.6 | 14.2 






































* C-F means click-flash order, F-C, flash-click order. 


Group B was to determine whether or not an interval was 
perceptible between the paired stimuli (see p. 250). ‘Table II 
shows the percentage of intervals perceived between the 
stimuli for the various intensity combinations for the click- 
flash and flash-click orders of presentation. The intensity 
combinations and the intervals (not the recognized intervals) 
occurring between the paired. stimuli are the same as those 
given in Table I. The thresholds are for the time in milli- 
seconds necessary to give 50 percent of correct judgments. 
The situation here is comparable to that of obtaining the two- 
point limen for cutaneous sensitivity. The thresholds for 
each intensity combination (for both groups of subjects) were 
obtained from approximately 3600 judgments (400 for each 
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interval between the paired stimuli). The results obtained 
from Group B are represented graphically in Figs. 3 and 4. 
Figure 3 represents intensity effects along the light con- 
tinuum upon the quickness with which an interval may be 
perceived between the paired stimuli. These results corre- 
spond to those represented in Fig. 1; they were obtained under 
approximately the same conditions—the same order of stim- 
ulus — and intensity combinations. The main 
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Fic. 3. Illustrating the thresholds for the different intensity combinations 
along the light continuum (Group B). Ordinates represent light intensity in foot- 
candles; abscisse represent millisecond-intervals from simultaneous presentation. 


difference was in respect to the basis of judgment employed 
by the two groups. These curves (Fig. 3) show similar in- 
tensity effects though not as pronounced as those observed in 
Fig. 1. An increase in the light intensity is more noticeable 
in case of the click-flash order in Fig. 1, but in Fig. 3 the greater 
effect holds for the flash-click order. Thresholds represented 
in Fig. 4 show the effects of increasing the sound intensity on 
the quickness with which intervals may be observed between 
the stimull. 

Figure 4 shows a rather peculiar situation in regard to the 
intensities of the auditory stimulus. If the intensity of the 
sound is increased there is little or no effect on the quickness 
with which intervals are perceived. This relationship holds 
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especially for the lights L-4 and L—D when the click-flash 
order is followed; for the flash-click order there is a kind of a 
reverse intensity effect noticed when the bright and dim lights 
are paired with the louder sounds. ‘The average values for the 
thresholds for the four lights form a line (composite curve) 
almost parallel to the O-line (the double line in the center), 
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Fic. 4. Illustrating the thresholds for the different intensity combinations along 
the sound continuum (Group B). Ordinates represent sound intensity in gram centi- 
meters; abscissz represent millisecond-intervals from simultaneous presentation. 


thereby showing no intensity effects along the sound con- 
tinuum. ‘The fluctuations, however, for the flash-click order 
are great enough to be significant. Just what the factors 
were that produced these effects, we cannot say. Figure 2 
(p. 13) shows results obtained from Group 4 corresponding to 
those represented for Group Bin Fig. 4. The main difference 
in the two figures is seen in the intensity effects for the fainter 
sounds. These differences and many of the other irregulari- 
ties in the curves are probably due to (1) inhibitory effects 
resulting from tensions, sets and attitudes, (2) to relative 
difficulties inhering in the basis of judgment, or (3) to some 
uncontrolled defect in the apparatus. 

It is well known that measurements of discriminatory 
functions can be made only when there is confusion or diffi- 
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culty involved with respect to the stimulus differences to be 
discriminated. The larger the number of judgments obtained 
in any psychological measurement the less pronounced are 
the effects of individual differences and the greater the re- 
liability of the measurements obtained. In Fig. 5 we have 
combined the averages of the thresholds for both groups of 
subjects for the different intensity combinations. 
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Fic. 5. Illustrating the combined averages of the thresholds for both groups for 
different intensity combinations. The left half shows the average intensity effects 
along the light continuum; the right half shows the intensity effects along the sound 
continuum. Ordinates represent the stimuli continua; abscisse represent millisecond 
intervals from simultaneous presentation. 


The recognition of an interval, of course, has some relation 
to the quickness of perception. Similarly the extent of the 
interval of fusion between two stimuli has been used as an 
index to the quickness of perception. Gonnesiat’s (1886) 
problem was to measure the interval by which a visual stim- 
ulus (the instantaneous flashing of an artificial star) may pre- 
cede an auditory stimulus (telephone click) and yet have both 
appear simultaneous. He found that the light may be pre- 
sented 50 ms earlier than the sound before synchronization 
ceased. Each of the thresholds in Fig. 5 was determined from 
approximately 12,800 judgments (6,400 for each group—see 


Tables I and II)—a number great enough to smooth out 
21 
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many of the accidental differences. These curves are based 
on the assumption that the bases of judgments were equally 
valid for the two groups. Granted this assumption, the 
curves present a rather interesting situation. The curves 
at the left show the effects of increasing the light inten- 
sity on the order of presentation. Light-4 (.2 f c) was 
presented first with all. the sounds 6,400 times and their 
threshold interval averages 38.0 ms. For the click-flash order 
they are perceived 9.6 ms earlier. If the same sounds are 
presented with the brightest light (32 f c) the average thresh- 
old interval is 17.1 ms, or a general intensity effect of 
20.9 ms for the flash-click order. For the click-flash order 
this intensity effect is 23.4 ms. This indicates that the 
order of presentation has (scarcely) no effect on the interval 
of uncertainty when the light intensities are increased. The 
right side of the figure (Fig. 5) shows the effects of increasing 
the sound intensity on the thresholds of all lights for both 
groups for the click-flash and flash-click orders of presentation. 
If the sound is made louder the interval of uncertainty is 
decreased for the click-flash order and increased for the flash- 
click order. But these effects do not hold for the two louder 
sounds. Here (along the sound continuum), we find that the 
order of presentation has little or no effect on the interval of 
uncertainty. 

Conclusions.—The evidence we have presented shows that 
the relative quickness of visual and auditory perception is 
affected by changes in the intensity of either stimulus. The 
individual differences were so great that the results obtained 
by any of the previous investigators could be matched with 
samplings from our individual records. Some of the subjects 
in Group 4 perceived the click first when the interval between 
the flash-click order was nearly 100 ms, and some perceived 
the flash first when the interval between the click-flash order 
was just as large. This situation was found for all the inten- 
sity combinations used.® Individual differences were probably 


5’ The actual number of subjects reporting clicks or flashes perceived first or 
simultaneous impressions may be determined by reference to Tables I and II. The 
percentage columns may likewise refer to the percent of 40 subjects so reporting. For 
example, the 90 just opposite 1-4 in the second column of Table I also shows that 
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greater for the subjects in Group B. Intensity changes also 
affect the quickness with which an interval may be recog- 
nized between the two stimuli. Changes in the intensity of 
the lights used in this experiment had a more pronounced 
effect on the order of recognition (basis of judgment for Group 
A) than on the perception of an interval between the stimuli 
(basis of judgment for Group B). Furthermore, intensity 
changes of the lights were more effective than the intensity 
changes of the sounds; but we cannot say that these stimulus 
intensities were comparable. Equal intensity effects may 
result from comparable stimuli, but we find evidence that 
precludes such an assumption. This evidence is found in 
Figs.2and4. Here we find increases in the auditory stimulus 
where no effects were produced on the judgments of either 
croup of subjects. 

In the main, our findings lend support to the results ob- 
tained by Hamlin (1893), Whipple (1899) and others who 
found that the flash-click order was more easily recognized. 
But for some of the intensity combinations the click-flash 
order was recognized more quickly. The stimulus intensities 
may be so equated that both orders of presentation will be 
recognized when the interval is the same. 

Thresholds were obtained for the sixteen intensity com- 
binations for both click-flash and flash-click orders (see Tables 
I and II) and were represented graphically in Figs. 1-5. When 
these thresholds are averaged for both groups of subjects and 
represented on a stimulus continuum, we find that the order 
of presentation has no appreciable influence on the intensity 
effects of the stimulus. 

The results of our experiment are in accord with those 
obtained on closely related problems. Hamlin (1893), Exner 
(1875), and Banister (1926) have measured the least notice- 
able interval between two sounds. The interval required to 
give 75 percent of right judgments was as small as 5 ms for 
some subjects and as large as 64 ms for others. Intensity 
for this intensity combination 4 subjects perceived the light first when the click pre- 
ceded the flash 89.4 ms. At the right end of this same line the 87.5 shows that 5 


subjects perceived the click first when the light preceded the click 84.6 ms. In like 
manner may all the other percentages be read. 
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effects were not investigated. Dunlap (1915) has measured 
the least perceptible interval between two lights. This 
(perceptible) interval was found to depend upon the relative 
duration of the stimuli and the dark interval. When the two 
stimuli were equal in length to the dark interval the least 
perceptible interval was approximately 20 ms. However, 
Minnemann (1911) found that the duration of the light had 
no effect on the least noticeable interval between clicks and 
flashes. The least noticeable interval between the most 
rapid successive movements of two hands has been investi- 
gated by Klinger (1931). If the hands moved in the same 
direction the interval was 26.5 ms; if they moved in opposite 
directions the interval was 29 ms. These differences, how- 
-ever, were probably due to the two types of apparatus em- 
ployed to produce the movements. The writer is at present 
attempting to measure the effects of the wave lengths of differ- 
ent spectral hues upon the quickness of visual perception. 
Preliminary results seem to indicate that yellows and greens 
are perceived more quickly than the hues having longer and 
shorter wave lengths. These groups of experiments indicate 
that the noticeable interval between stimuli presented to the 
same sense is within the approximate range of that observed 
when the stimuli are presented to disparate senses. 

The practical applications to be drawn from this study are 
those which relate to the personal equation and the temporal 
attributes in various psychophysical situations. Not in- 
frequently are we required to contrast the simultaneous with 
the successive; to take into account the various objective 
processes with which the organism is continually confronted. 
Synchronization of the disparate impressions from the sound- 
film is an example at hand. 

The possible relation or application of our results to the 
‘physiology of consciousness’ cannot be elaborated just here. 
Visual and auditory theories cannot disregard the quickness 
with which their perceptual processes occur. Neuro-physi- 
ology must take into account the perceptual correlate of the 
summation process, whether this process be a functional 
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summation of impulses in a behavioral response or an actual 
collection of ion charges from single or separate nerve fibers. 


(Manuscript received February 16, 1932) 
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AN ACTION CURRENT STUDY OF HANDEDNESS 
IN RELATION TO STUTTERING 


BY LEE EDWARD TRAVIS AND DONALD B. LINDSLEY 


University of Iowa 


INTRODUCTION 


Source of Action Currents 


There would seem to be at least two sources of action cur- 
rents, the receptor organs and nervous centers or nerve cells 
in the central nervous system. The receptor organs selec- 
tively translate the energy of one type or another from the 
environment into the energy of ‘impulses’ each of which is 
indicated by its electrical disturbance. ‘The most conclusive 
evidence of this has been furnished by Adrian and his col- 
laborators (1), (2), (3), (4), (5), (6). Certain groups of cells 
in the central nervous system may be rhythmically active, 
perhaps spontaneously and automatically. Adrian and Buy- 
tendijk (7) recorded large, slow rhythmic action current 
waves (occurring at intervals of I to 3 seconds) from the 
isolated brain stem of the gold fish and Bishop and Bartley 
(9), (10) recorded action potentials (3 per second) from an 
isolated region of the rabbit’s cerebral cortex. Also Adrian 
(8) recorded spontaneous potential changes in the isolated 
nervous system of Dystiscus Marginalis. Regardless of their 
source once these action currents or impulses are set up they 
may travel to any and all parts of the central nervous system 
and to the various effectors. In doing this they are affected 
undoubtedly in various ways by the complex sets of forces in 
relationship with which they must come. Such sets of forces 
may be processes of inhibition, excitation and release, ‘stored’ 
energy, absolute and relative refractory phases, relations of 
conduction velocity, and length of circuits. 


Nature of Action Currents 


From the standpoint of recording techniques action cur- 


rents are small alternating electrical currents. As recorded 
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from a muscle mass or a nerve trunk they consist of irregular, 
non-repeating electrical waves which become more regular in 
both amplitude and frequency as the number of responding 
units is reduced. They may be considered electrical mani- 
festations of underlying activity of muscle and nerve or nega- 
tive variations occasioned by a chemico-physical process in 
the active tissue. ‘They present for study frequency, intensity 
and wave form. Of these characteristics frequency has re- 
ceived the most attention. Briefly, it is dependent upon the 
number of units active at a given time, the refractory periods 
of the active units which may be modified by the intensity of 
the stimulus, and the temporal relationships between the 
discharges of the various active units. In a muscle mass or 
nerve trunk the amplitude of the action currents is, within 
limits, directly proportional to the number of fibres responding 
in all-or-none fashion. ‘The form of the action current waves 
is dependent upon the frequency, the intensity and the phase 
relationships of the various components contributed by the 
various active units. 


Methods of Recording Action Currents 


Action currents have been recorded by the galvanometer, 
the capillary electrometer, and the oscillograph. The com- 
mon present method is to use the oscillograph in conjunction 
with appropriate amplifying units. The action currents are 
picked up from the responding tissue by means of relatively 
nonpolarizable electrodes such as needles, wires, plates, etc. 


Apparatus and Procedure.—In the present study we utilized a three stage resist- 
ance-coupled amplifier with good intensity-frequency response characteristics, a 
Westinghouse oscillograph and a special photographic unit for recording the action 
currents. A general Radio Type 377-B low frequency oscillator furnished time units 
in terms of .002 sec. Recording was done on Eastman motion picture film and East- 
man No. I sensitized paper, both being of standard size (35 mm). Our electrodes were 
two brass strips, two inches in length and one quarter inch in width, covered with 
canton flannel which was saturated with saline solution. They were curved slightly 
to conform to the curvature of the arm and fastened approximately one centimerer 
apart over the motor point of the fore-arm muscles (flexor digitorum sublimis).! 





1 For a more detailed discussion of our apparatus see Travis, L. E. and Lindsley, 
D. B., The relation of frequency and extent of action currents to intensity of muscular 
contraction. J. Exp. Psychol., 1931, 14, 359-381. 
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The Smedley hand dynamometer was used to determine various intensities of 
contraction of the forearm muscle during voluntary flexion of the digits. 

For the first record the subject was required to attain as rapidly as possible his 
maximum grip. Then with proper rest periods (one to two minutes) interspersed 
between contractions he continued in a descending order with the degrees of contrac- 
tion decreasing by 10 kilograms each trial. For example, if the individual gripped 60 
kilograms in the first maximum pull, he gripped 50 kilograms in the second trial, 40 
kilograms in the third trial and so on down to 10 kilograms on the last trial. If the 
individual’s maximum contraction was less than 50 kilograms, steps of 5 rather than of 
10 kilograms were used. This furnished more readings on the basis of which to deter- 
mine the action current frequency for the various intensities of contraction. Any 
given amount of contraction was not maintained longer than two seconds. Regardless 
of the handedness of the subjects records were taken from the right forearm first. As 
determined by our previous study (12) our present procedure eliminated fatigue as a 
factor in influencing our results. 

In determining the frequency of the action currents every visible wave was counted 
regardless of its size (Fig. 1). 





lic. 1. A typical record of action currents. In reading frequency every visible wave 


was counted regardless of its size. Time in .002 sec. 


Selection of Subjects.—To the entire freshman class of the University of Iowa was 
given the following laterality index test and an eyedness test. Over six hundred and 
fifty of the freshman students cooperated in this experiment. Eyedness was deter- 
mined by a modified Parson technique. Instead of using Parson’s manoptoscope (11) 
we used a card-board 8} by 11 inches with a hole 13/16 inch in diameter in the center. 
The subject was required to hold the cardboard at arm’s length squarely in front of his 
face and with both eyes open look through the hole at the bridge of the experimenter’s 
nose. As with Parson’s manoptoscope this procedure took advantage of the principle 
of unilateral sighting in binocular vision. The experimenter could tell easily which 
eye was being used by the subject. The subject held the cardboard in both hands for 
four trials, in the left hand for three trials and in the right hand for three trials. He 
was considered right- or left-eyed if he used either the right or the left eye as the case 
might be 7 or more of the 10 trials and amphiocular if he used one eye only 5 or 6 times 
out of ro trials. On the basis of the results obtained from the laterality index and the 
eyedness test two normal speaking groups of twenty individuals each were selected. 
One group was made up of individuals who indicated R on 98 percent or more of the 
items and who had always been right-handed and the second group of individuals who 
indicated L on 85 percent or more of the items and who had always been left-handed. 
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All members of the first group were right-eyed and 50 percent of the members of the 
second group were left-eyed. A third group consisted of twenty-three presumably 
right-handed adult stutterers who as a group showed ambidexterity on the laterality 
index. Fifty percent of them were left-eyed. The right-handed group had one female 
subject, the left-handed group three female subjects and the stuttering group none. 


Results.—In a previous study (12) we determined that up 
to a certain amount of contraction there was an increase in 
action current frequency with an increase in intensity of mus- 


Laterality Index 


Note: Your hearty cooperation is desired. Please answer all questions carefully 
and conscientiously. 














Date 
Name Age Sex Nationality 
Are you right-handed or left-handed? Were you ever changed from 
left-handedness to right-handedness? If you were changed, how old 
were you at that time? Is either of your parents left-handed? 
Which one? Indicate, in the space below, the name, age, and hand- 


preference of each of your brothers and sisters. (Full names are not necessary; use 
initials if you prefer.) 


Name of brother or sister Age Hand-preference 
How old were you when you entered the first grade in school? Did you ever ‘skip’ 
a grade? Which one? If you ever had to repeat a grade, please answer these 


questions: 
(a) Which grade was it? 
(b) What was the reason for your failure to pass? 


When you perform a manual act, one of your hands ordinarily does all, or almost all, 
of the work. With this thought in mind, you are to answer the questions below. An- 
swer each one by drawing a circle around either ‘R,’ ‘L,’ or ‘X.’ If you almost always 
use the right hand for performing the act which is covered by a given question, draw 
a circle around the ‘R’ opposite that question. If you almost always use the left 
hand, draw a circle around the ‘L.’_ If you have no particular choice (that is, if you use 
your hands interchangeably), draw a circle around ‘X.’ (Answer only those questions 
which are concerned with acts you have performed.) Do not encircle a letter until 


you are sure of the correct answer. If you are not sure observe youself perform the 
given act. 


1. Which hand uses the powder puff?.. Se OT es le 
2. Which hand uses the needle in sewing? R kL 
3. (When you are drying dishes, you hold the dich is in one shend an wipe 
it with the other.) Which hand wipes the dishes?.............. R 
i ID NG Wa oh bs cedsdecnwsceanenceceseecced MED I 
5. Which hand shaves your face?.......... R 


~~ 


wm 
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. Which hand holds the thread when you pa a nana? 
. Which hand uses the tooth brush?....... 

. Which hand erases on paper?.. 

W hich hand uses the can opener?. 


. Which hand puts the letter into the mutans. SHAla ea eeradeanaie added 
. Which hand uses a saw?..... 

. Which hand holds your denne. 
. Which hand scratches matches?. ee 
arene you are washing dishes, you | hold a dik in one heed oak Ww we 


. Which hand leads “— you reach to a high shelf?. 
. Which hand would you use for —_ and carrying a cup bevel full 


. Which hand pulls the pars howe: a : honest? , 
. Which hand does most when you shuffle senda. Sate Bead ators tetas ey doc 
. Which hand combs your hair?.... 
ee 
| re 
. Which hand drives the billiard cue?............ 0... .... 2. cc eee 
. Which hand uses a hammer?.. — 

. Which hand do you use for drining saaeasd pinche ae ak beans 
. Which hand holds the knife when you whittle? Rrra ene 
. Which hand uses the salt shaker?.. 

. When you wash your hands, which bend ary soap on ‘the wer? 


. Which hand uses a screw driver. . - Pe ee 
. Which hand holds the fork when you eat atthe b it?. 


. Which hand reaches to wan up a small — on the tuoi in sfeaee of 


’ Which hand takes mail out of a box?.... ee ie ge oe 
. Which hand holds a paper cup for drinking?.............. 

. Which hand deals the cards?............ 

, Which hand uses scissors? le os 


ee 
. Which hand swings a tennis racket?..............0. 00 ee eee 
. Which hand throws a ball?.. ance ia alse 

; W hich hand holds the knife hn you ie bread?. 


. Which hand spreads butter on bread?.. 
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When you are standing with both feet together, which foot moves 
first when you start to fall forward?. 


nm 


of water?.. 


DRAW RRR RRR RRR aR 


you?. . 


APRA RRA RAR RARXRRARRR 





. SPrrrr Sr rr rf 


Perrrrrerrer rr: 


Serer SS Serre Sree See Ee 


mK 


aad se <a an ae io 


aA MMMM MM 
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TABLE I 
Ricut-Hanpep NorMAt SPEAKERS 
Critical Maximum Critical Point/ 
Point Contraction Maximum Contraction 
Subjects 
Right Left Right Left Right Left 
I 40 30 45 47 88.8 63.8 
2 40 30 45 45 88.8 66.6 
3 25 20 42 33 59-5 60.6 
4 40 30 50 38 80.0 79.0 
5 50 40 67 58 74.6 68.9 
6 40 30 44 39 91.0 76.9 
7 50 40 70 60 71.3 66.6 
8 30 25 39 39 76.9 64.1 
9 50 40 56 56 89.3 71.4 
10 40 39 54 57 74-1 52.6 
II 30 20 42 38 71.4 §2.5 
12 40 30 42 2 95.2 71.4 
13 40 20 42 42 95.2 47.6 
14 40 20 si 50 78.4 40.0 
15 50 40 70 65 71.0 61.2 
16 30 20 32 2 93-3 62.2 
17 30 25 33 34 99.9 73-5 
18 40 30 50 54 80.0 55-5 
19 40 30 60 60 66.6 50.0 
20 30 20 69 66 43-4 30.3 
Mean 38.5 28.0 50.1 47-7 79.4 60.7 
TABLE II 
Lert-Hanpep NorMAL SPEAKERS 
Critical Maximum Critical Point/ 
Point Contraction Maximum Contraction 
Subjects 

Right Left Right Left Right Left 
I 25 30 35 50 71.4 60.0 
2 30 60 52 65 57-7 92.3 
3 30 30 49 48 61.2 62.5 
4 50 60 58 67 86.2 89.5 
5 15 20 28 33 53-5 60.6 
6 30 40 52 55 57-7 72.7 
7 30 40 50 48 60.0 83.3 
8 20 25 29 33 68.9 78.8 
9 20 40 50 50 40.0 80.0 
IO 30 50 62 70 48.4 71.4 
II 20 40 52 59 38.2 67.7 
12 35 40 5° 55 79.0 74-0 
13 30 35 43 50 79.0 70.0 
14 20 30 50 60 40.0 50.0 
15 25 35 40 40 62.5 87.5 
16 40 50 56 60 71.7 83.3 
17 25 40 41 §2 61.0 77.0 
18 30 58 58 63 51.7 92.0 
19 30 50 56 55 53-5 90.9 
20 30 40 48 55 62.5 72.7 
Mean 28.2 40.1 47-9 53-4 59.3 75.8 
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TABLE III 


Ricut-HANpDED STUTTERERS 























Critical Maximum Critical Point/ 
Point Contraction Maximum Contraction 
Subjects 
Right Left Right Left Right Left 
I 30 40 57 53 70.2 75-4 
2 40 30 55 46 72.7 65.2 
3 10 40 50. 50 20.0 80.0 
4 20 30 47 52 42.5 57-7 
5 30 30 42 44 71.4 68.0 
6 20 30 38 43 88.9 69.7 
7 40 30 60 52 66.6 57-7 
8 40 50 58 68 68.9 73.5 
9 30 20 42 4 71.4 47-5 
10 30 35 45 39 66.6 89.7 
II 20 30 39 40 51.3 75.0 
12 40 30 68 60 58.7 50.0 
13 45 45 55 51 81.8 88.2 
14 30 20 39 46 76.9 43-5 
15 40 30 51 51 78.4 58.8 
16 45 30 53 55 37:3 54:5 
17 25 30 27 37 92.6 81.8 
18 40 20 50 46 ‘80.0 43-4 
19 30 40 48 53 62.5 75-4 
20 30 45 53 64 56.6 70.3 
21 20 30 43 47 46.5 66.0 
22 30 35 39 50 76.9 70.0 
23 12 12 15 18 80.0 66.6 
Mean 30.3 32.0 46.7 48.1 66.0 66.4 

















cular contraction. Beyond a certain amount of contraction 
the frequency of the action currents decreased (Fig. 2). The 
amount of contraction beyond which the action current fre- 
quency decreases is termed the critical point. In the present 
study it was found that for all normal speaking subjects with 
one exception (subject 3, Table II) this critical point was more 
for the preferred than for the mon-preferred arm, 1.¢., it was 
higher for the right arm in right-handed subjects and higher 
for the left arm in left-handed subjects. In a very few in- 
stances the action current frequency increased up to a certain 
amount of contraction, remained the same for an additional 
increase in intensity of contraction and then decreased for 
subsequent increases in contraction intensity. The critical 
point in these instances was taken as the point where the 
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Fic. 2. A graph of the action current frequency readings for various intensities of 
° muscular contraction. The point marked 4 is the critical point. 


frequency ceased to increase (Fig. 3). In 52 percent of the 
stutterers the critical point was less for the right (the pre- 
sumably preferred arm) than for the left arm and in 13 percent 
the critical point was the same for both arms (Table III). 

It is to be noted from the tables that the mean critical 
point is greater for the preferred than for the non-preferred 
arm in normal speaking subjects and slightly greater for the 
left arm in stutterers. Although the differences are slight and 
possibly insignificant it is interesting that the mean maximum 
contraction is greater for the preferred than for the non-pre- 
ferred arm in normal speakers while it is greater for the left 
arm in stutterers. A consideration of the data from the stand- 
point of the percentage of the maximum contraction at which 
the action current frequency decreased (critical point/max- 
imum contraction) bears out the already noted trends. 

Discussion.—This study corroborates others from this 
laboratory in finding a majority of presumably right-handed 
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Fic. 3. A graph of the action current frequency readings for various intensities of 
muscular contraction. The point marked 4 was taken as the critical point. 








stutterers similar in bilateral neuromuscular relationships to 
left-handed normal speakers (13), (14), (15), (16). Several 
workers (17), (18), (19), (20), (16) have reported a significantly 
larger percentage of left-handedness in stuttering than in 
normal speaking stocks. The meaning of these findings is not 
clear. Whether the factor of left-handedness itself or the 
factor of interference with the development of natural left- 
handedness is the one of primary etiological significance has 
not been determined. However it appears that either by he- 
reditary or environmental forces the normal hierarchic relation 
of the two cerebral hemispheres has been disturbed to produce 
a bilaterality in the original lead control of the two hemi- 
spheres over the speech mechanism. ‘The manifestations of a 
rivalry between the two hemispheres may be extremely varied. 
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During severe stuttering Travis (16) found that the patellar 
reflex response latency was greatly decreased. This indicated 
that during the act of stuttering the inhibitory control of the 
higher over the lower nervous levels was greatly reduced to 
permit a greater freedom of activity on the part of the lower 
levels. Herren’s finding (21) of a striking reduction in the 
amplitude of certain tremors (10 to 12 per second) during 
stuttering bears out this concept of a blocking out of cortical 
control in stuttering. Jasper and Murray (22) discovered a 
high degree of dysintegration in the eye movements of stut- 
terers during stuttering in oral reading that was indicative of 
marked disturbance in higher center control. The break- 
down in the integrative activities of the higher levels is adver- 
tised in serious disturbances of the movements of the speech 
units (23), (24), (25), (26). In general these disturbances 
indicate the results of the inadequate control by the lower 
levels over the peripheral speech mechanism. 

Other than assigning the majority of our stutterers to the 
left-handed group of normal speakers our findings are difficult 
tointerpret. There are at least two questions to be answered: 
Why does the action current frequency decrease beyond a 
certain intensity of contraction? Why is the critical point 
greater in the preferred than in the non-preferred arm of 
normal speakers? In regard to the first question Richter (27) 
and Travis and Lindsley (12) found that as contraction ap- 
proaches a certain intensity the action current waves become 
more regular and the small projections on the sides or in the 
troughs of the waves (Nebenzachen) disappear. ‘This would 
result naturally in an apparent reduction in the number or 
frequency of the action currents. Richter (27) interpreted 
this to mean that the proprioceptive impulses which are one 
source of action currents, become synchronized somewhere in 
the neural pathway to the muscle. This synchronization is 
dependent upon the relationships between the times required 
for the various impulses to travel through the neural path- 
ways, the time necessary for the motor impulses to cause new 
proprioceptive responses to be set up and the frequency of the 
proprioceptive impulses. The length of the neural pathways 
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would determine the frequency at which the action currents 
would synchronize. The variations noted in the synchroniz- 
ing point in different individuals would bear out this con- 
clusion. We have here then a plausible explanation of why 
action current frequency ceases to increase and even decreases 
beyond a certain intensity of muscular contraction. 

In regard to the second question Lindsley (28) has found 
that changes in the activity of the cerebral cortex as produced 
by lesions, drugs and hypnosis produce the most significant 
changes in the action current frequency in any given neuro- 
muscular unit under consideration. Any factor which re- 
duced cortical activity reduced action current frequency. In- 
asmuch as the critical point is a function of both intensity of 
contraction and frequency of action currents we might have 
here an acceptable answer to the question of why the critical 
point is higher in the dominant arm. The dominant cerebral 
hemisphere in exerting a greater influence upon those muscles 
more directly innervated by it than does the non-dominant 
hemisphere exert upon those muscles similarly innervated, 
maintains the increase in action current frequency for a larger 
range of intensity of muscular contraction. ‘Thus the greater 
critical point in the preferred arm would be an indication of 
greater control and activity of the dominant (contra-lateral) 
cerebral hemisphere. This being the case it would appear 
that in 52 percent of our stutterers the right cerebral hemi- 
sphere was the dominant one while in 13 percent, the two 
hemispheres were of equal dominance. Either of these con- 
ditions could conceivably lead to difficulty, the first because of 
the antagonism between the expressed and the inherent domi- 
nance and the second because of.the inherent equality between 
the two hemispheres. There is a significant number, 35 per- 
cent, of the stutterers who were normal as far as this study was 
concerned. Such a minority has been found in all of our 
studies. The only thing found to distinguish stutterers from 
normal speakers was the stuttering. This may mean either 
that our studies are not sufficiently analytical or that there are 
different kinds of stutterers. 

Summary.—On the basis of history, a laterality index and 
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an eyedness test two groups of normal speakers, a left handed 
and a right handed group, were selected. A third group of 
subjects contained presumably right handed stutterers. For 
all but one of the normal speakers the critical point (the 
amount of muscular contraction beyond which the action cur- 
rent frequency decreases with additional increases in intensity 
of contraction) was greater in the preferred than in the non- 
preferred arm. For 52 percent of the stutterers the critical 
point was greater in the left than in the right arm while in 
I3 percent the critical point was the same for the two arms. 
It was thought that these findings supported the view that in 
many stutterers the stuttering is indicative of a disturbance 
in the normal hierarchic control of the two cerebral hemi- 
spheres over the peripheral speech mechanism. 


(Manuscript received November 9, 1932) 
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THE SENSORY FUNCTION OF THE 
NON-PREFERRED HAND 


BY JOSEPHINE M. SMITH 


University of Missouri 


I. 4. PrRoBLEM 


Whenever handedness is mentioned, reference is made to 
motor preference. A right-handed person is one who uses his 
right hand for all unimanual activities; a left-handed person 
is one who uses his left hand for all unimanual activities; an 
ambidexterous individual either uses both hands equally well 
or uses one hand for some, the other hand for other, activities. 
And the ‘activities’ referred to are writing, eating, hammering, 
throwing, batting, and such motor performances. The fact 
that the human being’s actions may be classified as motor or 
sensory has apparently been overlooked. Which hand does 
a man use to feel the straightness of the part in his hair? 
With which hand does he feel over his desk when searching in 
the dark for his fountain pen? In other words, when for some 
reason he is deprived of the use of a sense organ and must sub- 
stitute a hand for this sense organ, which hand does he prefer? 

An experiment conducted in 1928 on the subject of the 
psychology of the blind brought this problem to the attention 
of the writer. The subject of the earlier experiment read 
Braille characters with each hand separately, and with each 
hand in each of the directions left and right. The results in- 
dicated that for that particular subject, a right-handed person, 
the left hand was the superior in reading Braille.’ An ex- 

1 This result is not surprizing in the light of previous work on reading of blind 
script. P. Villey, Psychologie de la lecture tactile, Jour. de Psy., 1931, 28, p. 237, in 
summarizing the present status of hand preference in reading, states that psychologists 
are not in agreement upon the relative ability of the two index fingers in reading Braille; 
that the Germans present statistics to support the superiority of the left hand, while 
the Americans show by statistics that the majority of the best readers use the right 


hand. He also remarks pertinently, ““Gardons nous de trancher une controverse qui 
peut avoir son origine dans des traditions locales.” In the United States, where the 
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planation of this surprizing result lay in the assumption of a 
sensory preference for the non-preferred motor hand. Read- 
ing Braille characters with the fingers is undoubtedly a sensory 
activity of the fingers. 

The present experiment was conducted in an attempt to 
test this hypothesis of a sensory preference for the non-pre- 
ferred motor hand. It consists of two parts. 


B. MeEtuHop 


1. Repetition of Braille Reading 
The experiment in reading Braille is being repeated with three subjects, one right- 
handed, one left-handed, and one ambidexterous. As this experiment is still in progress 
the results will be reported separately at a later date. 





majority of the best readers are numbered among the right-handed readers, schools for 

the blind teach right-handed reading. 

Several objections have been brought against the previous work, all except one of 
which are probably due to the inability of a practical man, concerned with practical 
problems of the blind, to appreciate a theoretical psychological problem (Swift, Outlook 
for the Blind, 1930, XXIII, 4). The criticism excepted is that results from a seeing 
subject can not be applied to the blind. On this point attention is called to an experi- 
ment conducted by Renshaw, Wherry, and Newlin, with four classes of subjects—blind 
and seeing adults, and blind and seeing children. It seems that their results lead to a 
conclusion quite different from the one they draw, namely: “Our results call into ques- 
tion conclusions regarding the teaching of the blind based upon experimentation upon 
blindfolded adult subjects.” (Renshaw, Wherry, and Newlin, Cutaneous localization 
in congenitally blind versus seeing children and adults, Jr. of Genetic Psy., 1930, 28.) 
Their results show the following points: 

a. The blindfolded, seeing adult localizes cutaneously as does the blind child: 

(1) The blindfolded, seeing adult must use tactual-kinesthetic localization: the use 
of the visual localizing habits is precluded by the blindfold. 
(2) The blind child must use tactual-kinesthetic localization: he has no visual habits. 

b. There is little difference in accuracy of tactual-kinesthetic localization for the two 
groups, blind children and seeing adults (see graph, p. 244). The learning curves of 
the blind children and the blindfolded, seeing adults are similar, and different from 
those of the blind adults and seeing children: the decided negative acceleration in the 
latter curves is conspicuously missing in the former. 

The localizations of the blind children and the seeing adults are more similar 
than those of the blind children and blind adults (see graph, p. 244). The difference 
in accuracy between the blind children and blind adults is due to greater exercise of 
tactual-kinesthetic localizing habits by adults—a practice lacking entirely in seeing 
adults—and would be still greater in a habit intensively trained (as Braille reading). 

From these data the conclusion seems evident, that: 

c. The best subjects for studying methods of teaching the blind anything involving 
tactual-kinesthetic coordination are untrained, blind children; good substitutes 
(better than blind adult persons) because of their similarity to blind children in 
method of and experience in localizing are blindfolded, seeing adults. 
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2. Formboard 


The second experiment consisted in having a large number of normal adults, 
selected at random from the college population, replace the blocks in the Goddard 
formboard when blindfolded. The subject was blindfolded in an outer room and lead 
to the table on which the formboard rested, the figures placed in regular order about the 
three far sides of the board. The subject was told that before him there was a board 
which had ten depressions in its surface; that about the edges of the board were ten 
blocks which fitted into the depressions; and that he was to place the blocks in the 
depressions as accurately as possible. No directions as to method to be used were 
given; the only restriction was that when a block had once been picked up, it must be 
placed before another was touched. 

The activities involved in placing the blocks in the board are four: picking up a 
block, feeling the shape of the block, feeling the shapes of the holes in the board, and 
placing the block in the proper hole. Picking up and placing are chiefly motor; feeling 
shape, whether of block or of depression, is chiefly sensory. If the subject is not de- 
prived of the use of his eyes by the blindfold he simply looks at the board, looks at the 
blocks, chooses a block, and places it in the proper depression. When blindfolded he 
substitutes his hands for his eyes in determining the shapes of the blocks and of the 
depressions. The present problem was to determine which hand he used for this 
sensory function. 


3. Eye Dominance 


In addition to the working of the formboard, each subject was tested for eye dom- 
inance. He was given a piece of typewriting paper with an inch hole in the center, and 
asked to look through this hole at a thumb tack four feet from him while holding both 
eyesopen. When he said that he saw the tack he was told to close his eyes alternately; 
if he saw the tack when his left eye was closed, he showed right eye dominance, and 
vice versa.? 


II. ReEsutts 
A. Formboard 


In order to have a check against preferential sensory use, 
the subjects were classified according to their preferential 
motor use. Each subject was asked which hand he used in: 
writing, eating, throwing, batting, hammering, playing tennis. 
If every activity named was performed with the right hand, 
the subject was called R. If every activity named was per- 
formed with the left hand, or writing or eating only was per- 
formed with the right hand, the subject was called LZ. [ating 
or writing (not both) was allowed because of the great amount 
of social pressure which is brought to bear upon a left-handed 
person in these activities. If the subject did not belong in 
either of these two classes he was called 4, with the result 


2 This method is described by N. V. Scheidemann, A simple test for ocular dom- 
inance, Amer. J. Psychol., 1931, 43, 126. 
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that the 4’s are an exceedingly heterogeneous group and can- 
not be treated as similar.’ 

The data considered for sensory function are those of feel- 
ing the depressions only, and do not include feeling the block. 
For the great majority of the subjects, picking up the block 
involved enough cutaneous sensation to give the shape; few 
of the subjects felt the block. The most difficult portion of 
the performance was without doubt the determination of the 
shape of the holes. ‘This is to be expected, when we consider 
that the adult has had a great deal of experience in picking up 
and holding variously shaped objects; but few have had ne- 
cessity or opportunity for feeling concave surfaces. 

Table I shows that no left-handed subject used his left 


TABLE I 


Hanpo Usep ror Fereutinc Hotes * 























All R, or more R than L All L, or more L than R 
Motor preference P a : 
More R | R, some L, some | More L 
AUR | ‘than L | B, no L B.noR | thanR | AUL 
Left 29 14 |I1I I fe) Oo 3 O 
48.3% | 37:9% | 3.5% 10.3% 
Total 26 O 3 
89.7% 10.3% 
Ambi. 38 13 II 4 I 4 
34.2% | 29.05 3.7% 10.5% 2.6% 10.5% | 10.5% 
Total 25 4 9 
65.9% 10.5 % 23.6% 
Right 37 0 3 Oo 2 3 I 16 
a 8.1% 5-4% | 8.1% | 35-1% | 43-3% 
Yotal 3 2 32 
8.1% 5.4% 86.5% 


























* In this and the following tables R = right hand, Z = left hand, and B = both 
hands. 


hand to feel the shapes of all the holes; 48.3 percent of the L 
subjects used the right hand entirely for feeling; 37.9 percent 
used the right hand more frequently than the left; 3.5 percent 


§ Attention is called to the fact that this practical criterion of selection insures the 
use of pure types, a classification not obtained by the use of more complicated tests 
such as those of Rife or Downey. As the point of emphasis here is the hand actually 
used by the subject in specific and usual manual performances, the whole pedal ques- 
tion is disregarded. 
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used the right hand alone, and both hands together, but not 
the left hand alone; and only 10.3 percent used the left hand 
more frequently than the right. In other words, left-handed 
persons used the right hand for feeling. Of the right-handed 
subjects, 43.3 percent used the left hand alone, 35.1 percent 
used the left hand more than the right; 8.1 percent used the 
left hand alone and both hands together; 5.4 percent used the 
two hands an equal number of times; none used the right hand 
entirely; and but 8.1 percent used the right more frequently 
than the left. This is shown more clearly by the totals, in 
which the right, more right than left, and right and both hands 
are pooled against the left, more left than right, and left and 
both hands. Then it is seen that 89.7 percent of the L sub- 
jects used the right hand preponderantly as against 10.3 per- 
cent who used the left hand most; and 86.5 percent of the R 
subjects used the left hand preponderantly as against 8.1 per- 
cent who used the right hand most. 

Table II gives the data for the hand used in picking up 
blocks. It will be noted from Table II that of the Z subjects 
41.3 percent used the left hand more than the right; 17.3 per- 
cent used the right hand more than the left; and 41.3 percent 


























TABLE II 
Hanpv Usep For Picxinc Up Biocks 
All L or more L than R All R or more R than L 
Motor preference 2 Ly 
More L More R 
Al L than R than L All R 
Left 29 r 1 12 4 I 
3-5% 37-:9% 41.3% 13.8% 3.5% 
Total 12 12 ... 
41.3% 41.3% 17.3% * 
Ambi. 38 I II 16 8 2 
2.7% 29.0% 42.1% 21.0% 5.2% 
Total 12 16 n 10 
31.7% 42.1% 26.2% 
Right 37 fe) 9 11 16 I 
24.3% 29.7% 43-3% 2.7% 
Total 9 Ir 7 
24.3% 29.7% 46.0% 




















* The percentages in this row total 99.9, due to the fact that the percentages were 
not carried beyond the first decimal place. 
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used the two hands equally often. Of the R subjects, 46.0 
percent used the right hand more than the left, 24.3 percent 
used the left hand more than the right, and 29.7 percent used 
the two hands equally often. The reason for the large percent 
of times the two hands were used equally often is that the 
blocks were placed about the board, three to the right, three 
to the left, and four across the board away from the subject. 
Most subjects picked those on the left with the left hand; 
those on the right with the right hand; and those on the far 
side were divided between the two hands. Of the 104 subjects 
but six used the same hand in reaching for all ten blocks. It 
will be noticed that a larger number of the L’s used the left 
hand more frequently than the right (37.9 percent) than those 
who used the right hand more frequently than the left (13.8 
percent). Conversely, more of the R’s used the right hand 
more frequently than the left (43.5 percent) than the left hand 
more frequently than the right (24.3 percent). The L’s 
showed a tendency to use the left hand for lifting the blocks 
to the left and also on the far side; the R’s used the right hand 
for those on the right and on the far side. 

Placing the blocks in the depressions appeared to be simple 
for most of the subjects. More than half placed the blocks 
with both hands, showing no visible preference for one over 





























the other. Table III shows the hands used in placing the 
blocks. 
TABLE III 
Hanp Usep 1n Piactnc Biocks 
Motor preference AU L Land B All B B, R, L Rand B All R 
Left 29 fe) 4 17 3 4 a 
13.8% 58.6% 10.3% 13.8% 3.5% 
Ambi. 38 I 6 20 5 I 
2.7% 15.8% | 52.6% | 13.1% | 13.1% 2.7% 
Right 37 Oo 22 4 fe) 
10.8% 59-5% 10.8% 18.9% 








The performance of the typical subject in the formboard 
test may be described as follows. The right-handed in- 


dividual picked up first with his right hand the block that was 
nearest to him on the right side of the board. He held it in 
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his right hand, apparently without sensorily exploring it, and 
felt over the board with his left hand. His left hand would 
stop in a certain hole; his right hand carry the block to that 
hole; and both hands fit the block in. If the depression 
chosen were not the right one, the right hand took the block 
back to the edge of the table, holding it there while the left 
hand continued its search over the board. The right hand 
picked up the three blocks on the right side, and probably the 
four on the far side also; the left hand continued to feel the 
cavities. The left hand would then pick up a block on the left, 
pass it to the right hand, and continue the search on the board. 
That the feeling hand is not the hand-that-does-not-pick-up- 
block is clear from a study of Tables I and II. This fact was 
also, of course, obvious to the experimenter who observed the 
procedure. The performance of the typical left-handed sub- 
ject was the exact opposite of that of the right-handed person. 

The data show that the right-handed person used his left 
hand, and the left-handed person used his right hand, in the 
sensory function of determining the shapes of the depressions. 


B. Eye Dominance 


Of the 104 subjects, 70.3 percent showed right eye dom- 
inance, 28.8 percent showed left eye dominance, and .g percent 
showed no eye dominance. It is interesting to note that the 
percents of the total number taken together, regardless of hand 
preference, are about the same as the percents of the right- 
and left-handed and ambidexterous groups. This agrees very 
well with Parsons’ statement that 30 percent of all individuals 














TABLE IV 
Eye DomINANCE AND HANDEDNESS 
Dominant eye 
Motor 
preference 
Left Right Neither 
Left 29 9 19 e . 
31.0% 65.5% 3.5% 
Right 37 Ir 26 O 
29.77% 70.37% 
Ambi. 38 10 28 fe) 
26.3% 73-7% 
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are left-eyed and 70 percent are right-eyed.‘ It does not, 
however, agree with the contention of Parsons and others that 
eyedness and handedness correlate highly. 

Scheidemann ® says: “In trying to discover the native 
hand-dominance of this group, each child was given a test 
for eyedness which was considered the criterional index of 
handedness, not with the conviction so unequivocally held by 
Parsons that eyedness determines handedness; but rather with 
the assumption that since eye-dominance and hand-dominance 
show a very high positive relationship, both may be deter- 
mined by acommon cause.”’ Other writers ® express the same 
idea: ‘‘ This would support the theory that we are physiologi- 
cally unilateral—1.e., sinistrals tend to be left monocular and 
dextrals tend to be right monocular. There are, however, 
many exceptions.” In reporting on about 1,000 cases, Mills 7 
says that 76 percent were pure dextrals (right-handed and 
right-eyed), 9.3 percent pure sinistrals (left-handed and left- 
eyed), 13 percent crossed dextrals (right-handed and left- 
eyed), and 1.7 percent crossed sinistrals (left-handed and 
right-eyed). This means that of Mills’ 1,000 subjects there 
were 5.8 times as many pure dextrals as crossed dextrals; and 
5-4 times as many pure sinistrals as crossed sinistrals. Of 
the subjects in the present experiment there are 2.4 times as 
many pure as crossed dextrals; and .47 times as many pure as 
crossed sinistrals. These data indicate that handedness con- 
not possibly be determined by dominance of eye; for the 
majority of the subjects, regardless of hand preference, were 
right-eyed. It is difficult to consider that these 104 subjects 
constitute a group peculiar in their eyedness, as they were 
chosen at random from a large student body. 


‘ Parsons, B. S., Left-handedness, New York, Macmillan, 1924. 

’Scheidemann, N. V., A study of the handedness of some left-handed writers, 
Genet. Psy. Mon., 1930, 38, p. 511. 

6 Coons and Mathias, Eye and hand preference tendencies, J. Genet. Psychol., 


1928, 35, 629-32. 
7 Mills, L., Eyedness and handedness, Amer. J. Ophth., 1925, 8, 933-941. 
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III. Discussion 


The results of this experiment suggest that the non-pre- 
ferred motor hand is preferred for sensory activity, and that 
eyedness is not related to handedness. 

Several explanations occur for the preferential use as a 
sensory organ of the non-preferred motor hand. In order to 
avoid the use of cumbersome phrases, the right-handed in- 
dividual will be discussed, the preferred motor hand being 
called right and the preferred sensory hand called left. 
1. During the form-board experiment the left hand was used 
as sensory because it was free from motor use; as the preferred 
hand, the right, was used for the motor function, the remaining 
hand performed the remaining tasks. 2. The left hand is pre- 
ferred for the sensory function because of its sensitiveness, 
its freedom from the toughness which characterizes the more 
frequently used right hand. 3. The left hand is preferred for 
sensory functions in the same sense and to the same extent 
that the right hand is preferred for motor functions. 

It might be contended that the harder part of the task was 
the motor, that of holding and placing the block; that there- 
fore the right hand performed this duty, leaving the lesser one 
of feeling to the left hand. But this possibility is ruled out 
upon consideration of the actual method used by the subjects. 
The right hand was in most cases idle; it rested on the edge of 
the board with the block in it while the left hand moved 
actively over the depressions. The muscular activity of the 
arm in moving the hand about was decidedly the most arduous 
work. It was secondary only to the precision of judging the 
shapes of the holes. If the motor action were the decisive 
factor in choice of hand, undoubtedly the right hand would 
have been used as the feeler. The hand used for feeling is not 
the hand unused for reaching; it is in some cases and not in 
others. 46.0 percent of the right-handed subjects used the 
right hand in picking up blocks; 46.0 percent, then, had a free 
left hand for feeling, But the proportion who used the left 
hand for feeling was 86.5 percent. ‘This means that 40.5 per- 
cent of them must have picked up the block with the left hand 
and passed it to the right hand, thus freeing the left hand for 
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the sensory function. Stated another way, on the average 
four of the ten blocks were reached for by the left hand and 
passed to the right. 

Perhaps the left hand is superior to the right in sensory 
capacity, and this superiority is the result of its softness, 
acuteness. The left hands of most right-handed persons are 
more delicate—less callous—than the right hands. Here we 
may refer again to the experience of blind script readers. Of 
them Villey says:® “On s’est €tonné de constater, dans |’en- 
quéte faite au Etats-Unis, que les doigts calleus des ouvriers 
vanniers et choisiers n’étaient pas moins aptes a la lecture 
tactile que ceux des intellectuels.”” The reading finger of the 
blind person soon becomes toughened, but does not lose its 
sensitiveness because of this fact. A peculiar case which ap- 
peared in the present experiment may throw some light on 
this question. One of the subjects, who was classed as left- 
handed, has this history: while a small child his right arm was 
pulled from the socket, and subsequently operated upon 
several times. For many years he had no use of the right arm, 
so learned to perform all activities with his left hand. His 
father insists that the boy was naturally right-handed, becom- 
ing left-handed only through pressure of circumstances. He 
is one of the three left-handed subjects who used the left hand 
more frequently than the right in feeling the depressions. He 
used the right hand once, the left hand nine times, in the sen- 
sory capacity; in this he behaved as the right-handed subjects. 
He showed no eye dominance. If it is true that he is—or 
was—naturally right-handed, but performs all motor activities 
with the left hand through training, his performance with the 
formboard would indicate that sensory preference is deter- 
mined in some manner other than by freedom from motor use. 

A consideration of some of the cases classed as ambi- 
dexterous assists in the clarification of the question. Twenty 
persons so classed were at one time left-handed, but at the 
time of the test performed.some motor activities with the 
right hand; for example, one throws, bats, hammers, and plays 
tennis with the left hand, and has written and eaten since the 

® Op. cit., p. 221. 
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age of ten with the right hand. He used the right hand 
entirely in feeling over the formboard. 

If the preferential use of one hand as a sensory organ were 
the result of its softness, we would expect that the non-motor 
hand would be so used regardless of the original tendency of 
the persons. The trained use of the left-handed person’s 
right hand in motor functions, however, apparently does not 
interfere with its use in the sensory capacity. (See Table V.) 


TABLE V 
SENSORY PREFERENCE OF AmBIs WHo WERE AT ONE TIME Lert-HANDED 20 
Right 4 each R and L Left 
EO dana ae one ene 4 
Ee 20% 


Of 29 subjects called left-handed, seven either write or 
eat with the right hand. Of these, six show right-hand sen- 
sory preference, one shows left-hand sensory preference. The 
proportions of those showing right-hand sensory preference 
is almost exactly the same for the two sub-groups of the left- 
handed class, as shown in Table VI. 


TABLE VI 
SENSORY PREFERENCE OF THE LEFT-HANDED Group 


Sensory hand preference 





Sub-group 
Right Left 
Entirely left 22 20 2 
90.9% 9.1% 
Left except eating or writing 7 6 I 
85.7% 14.3% 
Total L’s 29 26 3 
89.7% 10.3% 


A similar experiment with children who are old enough to 
show decided motor preference, yet young enough to be rela- 
tively free from the results of training, would probably answer 
this question. 

The most probable explanation for the preference of the 
non-preferred motor hand in sensory functions is that what- 
ever causes handedness in the sense of motor preference also 
causes handedness in the sense of sensory preference. The 
sensory preference is not the result of motor preference (as 
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shown above), but is a concurrent and causally independent 
phenomenon. 
IV. SuMMARY 

In order to test the hypothesis of sensory preference for 
the non-preferred motor hand, these experiments were per- 
formed: three groups of persons, right-handed, left-handed, 
and ambidexterous, replaced the blocks in the Goddard form- 
board when blindfolded. As this is related to the subject of 
sidedness, each subject was also tested for eye dominance. 
The results are: 

1. The right-handed subjects show preference for the left 
hand in feeling the shapes of the depressions in the Goddard 
formboard. 

2. The left-handed subjects show preference for the right 
hand in feeling the shapes of the depressions in the Goddard 
formboard. 

3. Left-handed subjects who have been trained to perform 
some motor activities with the right hand show the same 
preference for the right hand in feeling the shapes of the de- 
pressions. 

4. 70.3 percent of all subjects showed right eye dominance, 
with no relationship between eyedness and motor hand prefer- 
ence. | 

5- The results of the experiment are interpreted to mean 
that the pronounced sensory preference shown for the non- 
preferred motor hand is not the result of, but is causally in- 
dependent of, the motor preference. 


(Manuscript received February 1, 1932) 








EFFECT OF COMPLETE STRIATE MUSCLE 
PARALYSIS UPON THE LEARNING PROCESS 
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Psychology has long been vexed by a persistent contro- 
versy concerning the fundamental nature of the learning pro- 
cess. One group of psychologists has held to the intra-cerebral 
view that the trial-and-error process of learning is represented 
physiologically by a sort of ‘battledore and shuttlecock’ proc- 
ess which is limited entirely to the cerebrum. This theory 
is also implied in the writings of most physiologists and neur- 
ologists. Other psychologists have suggested a contrasting 
peripheral view, to the effect that learning of necessity involves 
an effector response. The assumption usually made is that 
the response sets up proprioceptive impulses which play some 
essential part in bringing about a concatenation of reflex arcs 
constituting the total response; however, it has also been sug- 
gested that some purely motor element is essential to con- 
sciousness and therefore to learning. 

Various indirect methods have been employed in an at- 
tempt to solve this problem. Of these, one is the attempt to 
measure sub-vocal speech during thinking by obtaining records 
of movements of the throat, larynx, tongue and lips. Such 
investigations have been carried out by Thorson (17), Clark 
(3), and others, and the results in general seem to confirm 
William James’ observation (12) that it is very hard to think 
‘bubble’ with the mouth open. A more accurate method of 
investigating the motor responses occurring concurrently with 
mental states has been used by Jacobson, (9, 10, 11), who 
was able to show that imagining a given movement was 
always associated with electrical changes in the appropriate 
body part. Furthermore, Jacobson has shown in more recent 
work that various substitute responses may occur if the ap- 
propriate response is impossible. (It must be noted that this 

23 283 
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work does not prove that the motor response is an essential 
component of the learning process.) Experiments in educa- 
tional psychology would also appear to support the motor 
hypothesis, as they show that making the response speeds up 
the learning process (1.e., active recitation of the particular 
response (5) is more efficient than passive learning). 

The intra-cerebral view finds indirect support in evidence 
which appears to be of about equal value. Thus Lashley was 
able to demonstrate that learning can be retained in spite of 
the extirpation of the motor areas controlling the movements 
originally made, and that complicated serial habits may be 
formed and retained after extensive destruction of nerve tracts 
in the spinal cord and of areas in the cerebellum, both of which 
procedures should have affected adversely the number and 
sequence of the proprioceptive and motor impulses. ‘These 
facts are opposed to any theory of learning based on the inte- 
gration of concatenated reflex arcs. Evidence from pathology 
has also been interpreted as favoring the intra-cerebral view: 
thus, Dana (4) states that “‘a person continues to . . . think 
perfectly well after the larynx has been removed or paralyzed, 
and also when there is a complete muscular paralysis!’”! 
Head’s observations on deaf, dumb, and paralyzed patients 
still successfully playing chess may be taken in the same 
regard. The vast amount of evidence which favors the central 
theory of emotions (6) lends a certain dignity to the central 
view of thinking. 

These indirect methods have failed to yield conclusive 
evidence as to the truth or fallacy of the controversial theories 
of learning, and indeed there appears to be little hope of their 
ever doing so. 

Heretofore it has been assumed that direct experimenta- 
tion, and therefore an unequivocal answer to the problem is 
impossible, because under complete motor paralysis it is im- 
possible to demonstrate the effects of learning. 

The present experiments offer direct demonstration of the 
solution of this problem through the use of the drug curare, 
which paralyzes the striate musculature by acting upon the 


1 Italics and exclamation point ours. 
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myoneural junction ? to prevent the passage of nerve impulses 
from the motor neuron to the muscle fibre. Inasmuch as this 
effect can be removed more or less at the option of the ex- 
perimenter, it is obvious that the learning situation may be 
presented under curare, followed by tests for the effect of 
learning after the drug is neutralized. 

Curare has been known to the civilized world since 1595, 
and its properties have been fairly well understood since the 
studies of Claude Bernard in 1857. ‘The drug paralyzes only 
skeletal muscles (16), leaving the unstriped musculature un- 
affected or only slightly influenced. ‘The receptors and reflex 
centers of the spinal cord and midbrain can be shown to be 
functioning while the animal is completely paralyzed except 
in a ligated limb. Its lethal properties are attributable only 
to the paralysis of the respiratory muscles, death being due to 
asphyxia. Many of the secondary effects, such as increased 
acidity of the blood, are probably to be ascribed to reduced 
aeration in cases where animals have been kept alive under 
the drug. No studies so far have proven the persistence of 
cortical activity, but our experiments give definite proof that 
this also persists. 


EXPERIMENTAL PROCEDURES 2 


In our studies of the learning process in curarized animals 
we have employed three kinds of learning situations, with cer- 
tain variations which will be described in detail later. The 
first situation involves the acquisition of an adaptive response 
to pain. A conditioned stimulus is presented, followed by 
severe faradic shocks; the response includes leaping from the 
grid and avoiding the experimental situation. 

In a second situation the conditioning of a simple reflex 
response to pain is involved. The flexion of the leg in re- 
sponse to faradic shock is to be associated with a conditioned 
stimulus. 

The third learning activity was employed as a control for 


2 For a discussion of the theories as to the exact locus of the action of curare, see 
Sollman (16). 


3 We wish to acknowledge the generous assistance of Mr. E. T. Katzoff and Mr. 
Harry Silverman in conducting these experiments. 
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the other two, and involved the conditioning of a smooth 
muscle response (pupillary dilatation to pain)—it should be 
emphasized that smooth muscles are never paralyzed by nor- 
mal doses of curare. Only cats and dogs have been used in 
the experiments reported. 


APPARATUS AND TECHNIQUE 


The apparatus used in these experiments was relatively simple. For the first ex- 
periments, on the learning of an adaptive reaction, a grill of wrought iron, 18 X 30”, 
with sides 12” high, was constructed, as shown in Fig. 1. The grill was made of 1/2” 
strips of iron 1/2’ apart, connected by bakelite strips to prevent short-circuiting. 
Tetanizing shocks were given from an induction coil receiving 2714 volts through a 
transformer from lighting current. The same apparatus was used for the observations 
on the conditioned pupillary reaction. 





Unconditionad Stimulus 

































































——— 
—————— es 
a 
Es 
pen 
a 
—— 











aE 






























































Fic. 1. Set for adaptive reaction. Buzzer (3), bell (2), light (1). 
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Fic. 2. Set for simple conditioned response. Buzzer (3), bell (2), light (1). Uncon- 
ditioned stimulus—Pain from grid. Unconditioned response—Lifting left fore foot. 
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For the conditioning of a simple leg flexion, a modified Pavlov holder, shown in 
Fig. 2, was used. In this apparatus the animal was suspended from straps which held 
him in the desired position, his head being kept in a fixed position by stocks. A grill 
was placed under each forepaw, but only one was used in any given experiment. 

As conditioned stimuli we used a 50-watt lamp flashed into the animal’s eyes, a bell 
sounded immediately after the light, and the buzzer of the induction coil. The pres- 
entation of stimuli was thus: light g sec, bell last 7 sec, buzzer last 2 sec. Thus the 
light and bell, according to Anrep, are delayed conditioned stimuli; the buzzer is a 
simultaneous conditioned stimulus. 


In the use of curare it is necessary that the experimental animal be kept alive by 
artificial respiration. In this case we inserted a tracheal cannula by way of the mouth, 
through which oxygen or, in some cases, compressed air, was administered. An 
interrupter was placed in the circuit so that the inflow of gas corresponded to normal 
inspiration. Outflow occurred around the cannula, which did not fit the trachea snugly. 

To avoid the depressant effects of the usual anesthetics on the central nervous 
system, we decided to dispense with them entirely in this experiment. The animal was 
given the injection of curare proper for his body weight (we used 4.5 mgm per kilo 
subcutaneously) and the experimenters then waited until muscular weakness set in, 
but before respiratory paralysis, to insert the cannula. When we desired to terminate 


the experiment, injections of physostigmine and sodium bicarbonate were used to 
neutralize the curare. 


Experiment 1.—This experiment was devised to test the 
possibility of learning an adaptive response to pain under 
curare paralysis. A definite series of tests before and after the 
training series was employed to determine the extent of learn- 
ing. These were as follows: (1) animal placed on chair, no 
additional stimuli given, time to jump recorded; (2) response 
to chair, followed after five seconds by buzzer for two seconds; 
(3) response to chair, followed five seconds later by light for 
nine seconds, bell seven seconds, buzzer two seconds; (4) 
animal placed in grill, no additional stimuli, time to jump 
recorded; (5) response to grill plus buzzer (without shock); 
(6) response to grill plus light, bell and buzzer (without 
shock). Relative strength of the response was rated on the 
basis of speed of jumping (maximum time allowed, 30 seconds) 
and violence (rated by experimenters on a scale from zero 
to ten). 

This series of tests was made on each animal before injec- 
tion of curare. After the animal was completely paralyzed, 
as diagnosed by absence of muscle twitches, gag reflex, and the 
corneal eye-lid reflex, he was placed in the apparatus and a 
training series administered. ‘The usual training series con- 
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sisted of thirty applications of the conditioned and uncon- 
ditioned stimuli, although the exact number fluctuated some- 
what as a result of difficulties with individual animals. Stim- 
uli were not given after the animal appeared to be recovering. 
After complete recovery the same series of tests was repeated 
to determine the effect of the training. 

In seven control animals, five cats and two dogs, which 
were conditioned without curare, learning invariably occurred 
in three trials or less. After this was proven, the second series 
of tests was given to determine the amount of irradiation of 
the conditioned stimuli. The same series was used on these 
animals to test retention after varying lengths of time. 

Both control dogs showed marked retention after 24 hours. 
Indeed, both showed marked retention one week after the 
original reinforcements, although they had been tested regu- 
larly to the conditioned without the unconditioned stimuli. 
Of the cats, two leaped from the grill 24 hours after condition- 
ing. ‘The other three showed signs of uneasiness in the grill 
but did not jump. Tests after more than 24 hours, it may be 
noted, show little or no waning in strength. Indeed ‘experi- 
mental extinction’ by non-reinforcement seemed to increase 
the strength and speed of the response! 

The experimental animals included 7 cats and 12 dogs. 
Despite the fact that these animals had received from seven to 
ten times as many reinforcements as the controls, none of them 
showed the slightest evidence of learning. Often they even 
seemed more tractable than before the experiment! That 
failure to respond at this time was not due to the condition of 
the animals was proven by control tests carried out on five 
cats and six dogs, in which they were conditioned immediately 
after the tests for learning under curare. All of these animals 
learned in one or two trials. 

To demonstrate that learning is possible under curare, the 
observations of Experiment 2 on the pupillary reflex were 
carried out on part of the original group of animals. 

Experiment 2.—The electric shock which was given in ex- 
periment I as an unconditioned stimulus is also an uncondi- 
tioned stimulus for pupillary dilatation, a response which is 
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not affected by ordinary doses of curare. This response is so 
strong that, despite a light shining in the animal’s eyes, the 
pupil often dilated to its fullest extent. 

The order of application of stimuli was light, bell, shock. 
At the beginning of the experiment the pupil contracted to the 
light, made no change to the bell and dilated to pain. After 
several repetitions of this stimulation, the dilatation of the 
pupil appeared to the bell before the application of the shock. 
Of six cats, the phenomenon was unquestionable in four, du- 
bious in one, and not found in one. It was clear in five of 
seven dogs. 

The speed of acquisition of this conditioned reflex was very 
rapid, two to six repetitions sufficing in the animals observed. 

It thus appears certain that cortical activity (to the extent 
required for the acquisition of the conditioned pupillary re- 
sponse) is not depressed by curare, at least in the amounts 
used in this experiment. 

Experiment 3.—It was thought that, although the animal 
could not learn to leap from the grill while under curare, it 
might be possible to extinguish this learned response. Three 
cats were conditioned without curare, then given the drug. 
When paralyzed the animals were placed in the grill and given 
the usual training series, except that the shock was not given. 
The buzzer sounded as usual, but the coil was disconnected 
from the grill. 

One of the animals died before tests for retention were 
made. When the other animals had recovered from the 
effects of curare, the series of tests for response to the various 
conditioned stimuli was repeated. Each of the cats tested 
showed practically no change from its previous behavior, the 
strength of the responses occurring in the six different situa- 
tions being no greater, and no less. 

In the case of one of these animals, the same experiment 
was repeated a week later, with the same results. 

Experiment 4.—Concurrently with Experiment 3, the con- 
ditioned pupillary response to the bell was extinguished by the 
unreinforced stimulations. ‘The effects were noticeable after 
about 100 repetitions, but about 150 were required to extin- 
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guish completely. There are several points of interest in this 
experiment. In the first place, we find that this smooth 
muscle response (dilatation of the pupil) is extinguished, while 
the remainder of the total pattern of response is unaffected. 
This appears to differ somewhat from the individuation of 
components of the response as reported by Beritoff (1), Wat- 
son (18), and others, for in this case the pupillary response is 
totally extinguished, while the skeletal components remain at 
full strength. 

In the second place, it should be noted that this pupillary 
response is extinguished only after a comparatively enormous 
number of trials, as compared with the pupillary response in 
human beings as studied by Cason (2). We suggest one of 
two alternative hypotheses: either the smooth-muscle emo- 
tional 4 response, like the skeletal emotional responses, con- 
tradicts the accepted Pavlovian principle of experimental ex- 
tinction; or normally the more dominant skeletal muscle com- 
ponents inhibit out the pupillary reaction. _ 

Experiment 5.—In this experiment an animal (cat) was 
conditioned specifically to the buzzer-grill situation without 
curare. It was negative to the grill alone and to the grill- 
light-beil set. 

The purpose of the experiment was to attempt to attach a 
new stimulus onto a previously conditioned response. It was 
thought reasonable to assume that this might occur, since 
theoretically motor responses (and their resultant propriocep- 
tive impulses) play no essential part in associations between 
primary sensory projection areas of the cerebrum. 

When the animal was tested after the experiment, the re- 
sponse to light and bell were still negative, and to the buzzer- 
grill situation still positive. It appears from this that not 
even associations between stimuli for skeletal muscle responses 
can occur under curare. 

Experiment 6.—Our previous experiments seem to prove 
that adaptive responses are not learned under curare. The 
possibility still remained that ‘latent learning’ may have oc- 
curred. It is possible, for example, that the simultaneous 


4 Emotional, because the unconditioned stimulus is pain. This viewpoint is elab- 
orated elsewhere (6). 
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presentation of stimuli under curare may bring about brain 
changes which still cannot be organized into a ‘total reaction 
pattern’ without the occurrence of a response. 

An experiment was planned to test this hypothesis, using 
a litter of four young dogs. ‘Two experimental animals were 
given an initial training period under curare as described in 
Experiment 1. All four animals were then conditioned under 
normal circumstances. 

One of the two control animals learned in two trials, the 
other in one. Of the two experimental animals, one learned 
in a single repetition, and the other did not learn to jump out of 
the grid until the fifth trial. After the first repetition, how- 
ever, he showed unmistakable fear responses to the grill and 
especially to the bell, and finally learned the jumping-out re- 
sponse when outside the grill, between the fourth and fifth 
trials. 

The four animals were tested for retention one, two, three, 
and seven days after the training. No differences could be 
found between control and experimental animals in either 
speed or violence of the response. Little forgetting, however, 
was found in any of the animals over this period of time. 

Experiment 7.—We next attempted to study the effect of 
limited striped muscle activity during the training series. 
The follow-procedure was used: on the day preceding training, 
the femoral artery and vein of one leg were exposed under 
anesthesia. Before the injection of curare, the femoral artery 
was closed by a bull-dog clamp and curare injected into the 
vein. The regular training series was then given, the clamp 
removed and physostigmine injected. After recovery the 
animal was tested in the usual way. 

Technical difficulties have so far prevented us from obtain- 
ing clear-cut results on this experiment. Only one case has re- 
covered in which the ligation appeared to be successful, and 
this animal appeared to show marked uneasiness to the con- 
ditioning stimuli although the adaptive reaction of escaping 
from the grill did not appear. 

Theoretically it should be possible by increasing the 
amount of curare-free muscle tissue to find some minimal point 
at which learning occurs. 
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Experiment 8.—Although the animals fail to learn the 
adaptive reaction of jumping from the grill, a response which 
might be assumed to represent an integration between con- 
catenated reflex activities, it was still thought possible that a 
simple reflex such as flexion of the leg to pain might be con- 
ditioned. ‘To test this hypothesis, the second apparatus de- 
scribed was employed. 

The animal was placed in the stocks, with one forepaw in 
a position to receive faradic shocks. ‘The usual training series 
was then given. Under curare, no learning occurred. 


PossiBLE EXTENSIONS OF THE TECHNIQUE 


Many extensions of the curare technique for the investi- 
gation of the learning process may be suggested. Chief among 
these are (1) the effect of passive movement and resultant pro- 
prioceptive stimulation upon the learning process; (2) the 
possibility of rebuilding a previously forgotten or extinguished 
response under curare; (3) the effect of curarization upon the 
retention and formation of delayed responses; (4) the intro- 
spective report of human subjects (granting that the technical 
difficulties were removed sufficiently to make this permissible). 

No successful attempt has so far been made to purify the 
drug curare, with the result that certain serious difficulties 
interfere with successful experimentation. Chief among these 
is the effect of curine, a poisonous alkaloid associated with the 
active principle of curare, in depressing the heart. 

Wenner and Blanchard (19) have demonstrated changes in 
blood constitution under curare which, however, should not be 
severe enough seriously to affect the central nervous system. 
These results have been confirmed and extended in the course 
of our own investigations (7). 

Our observations indicate that a marked fall in blood pres- 
sure may occur. This, we believe, may occasionally be severe 
enough to influence the central nervous system, and may ac- 
count for the failure of pupillary conditioning in some animals. 
Such an hypothesis is supported by the observation that un- 
usually large injections of curare may be associated with abo- 
lition of all pupillary responses, even though the animal may 
subsequently recover. 
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The technique of artificial respiration by tracheal insuf- 
flation is in no sense ideal, as it represents a source of ex- 
traneous nociceptive stimulation, and is a less reliable source 
of respiration than would be afforded by the Drinker Res- 
pirator. Our control experiments, however, show that the 
objections, while serious, do not prejudice the results obtained. 


IMPLICATIONS 


Briefly, we believe that the implications of this experiment, 
as they apply to various related fields, are as follows: 

(1) Educational psychology. The importance of pupil 
activity in the learning process is emphasized, since it appears 
that presentation of stimuli alone will not cause learning if no 
reaction is made. 

(2) Physiological psychology. The view of Watson, Dun- 
lap, Dashiell, Washburn and Langfeld that thinking involves 
peripheral as well as central activity and may be roughly de- 
scribed as ‘implicit speech’ is substantiated. 

(3) Speech pathology. Our results support Dejerine’s 
concept of the loss of ‘verbal images’ as an important factor 
in aphasia, and contradict strongly the position of Marie and 
of Head that true aphasia does not involve loss of motor re- 
sponses. 

(4) Physiology. Conditioned reflexes are only possible if 
a response is made, and do not result merely from stimuli 
presented simultaneously. 

(5) Pharmacology. Curare does not paralyze the central 
nervous system. 

SUMMARY 


1. Complete skeletal muscle paralysis in the intact animal 
may be obtained by the use of curare. 

2. Under this condition animals fail to learn a simple 
adaptive reaction in thirty repetitions, although control ani- 
mals learn in less than three. 

3. Conditioned pupillary dilatation may be developed 
under curare. 

4. Experimental extinction of the adaptive reaction is not 


possible under curare, although the pupillary extinction is 
possible. 
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5. Latent learning under curare paralysis has not been 


demonstrated. 


6. Association of new stimuli to previously conditioned 


responses has not been obtained. 


(Manuscript received August 16, 1932) 
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ASSOCIATIONS BETWEEN THE FAMILIAR 
AND THE UNFAMILIAR 


BY HULSEY CASON 


University of Wisconsin 


The purpose of the present study was to throw further 
light on the processes involved in learning paired associates 
when the items in the pairs were the most familiar words and 
the most unfamiliar syllables that could be obtained. The 
learning situation was similar to that which is present in learn- 
ing foreign language vocabularies. We obtained measures of 
the relative efficiency of learning and retaining 4 kinds of pairs, 
when the pairs were made up of a familiar word and a familiar 
word, an unfamiliar syllable and a familiar word, a familiar 
word and an unfamiliar syllable, and an unfamiliar syllable 
and an unfamiliar syllable. ‘The pairs were presented to the 
S both visually and orally under controlled but fairly natural 
conditions. Data were also secured on the relative efficiency 
of spaced and unspaced learning, and on the influence of 
position in the series.! 

Only two previous investigations seem to have been made 
of the present subject. Roback and Groetzinger ? studied the 
relative efficiency with which pairs of familiar and unfamiliar 
proper names could be connected with each other. Three 
psychologically trained S’s read the names aloud as they were 
presented to them by an exposure apparatus. ‘The results 
were irregular and inconclusive. Winzen* made a study of 
associating words and nonsense syllables under a variety of 
conditions, and the syllables used were the same as those which 

1 For some assistance in the later stages of preparing the material and in conducting 


the experiment with 1/3 of the S’s in Part I, I am under obligation to Mr. A. H. 
Maslow. 


2 A. A. Roback and M. Groetzinger, The applied psychology of names, J. Appl. 
'Psychol., 1920, 4, 348-360. 

3 Karl Winzen, Die Abhangigkeit der paarweisen Assoziation von der Stellung des 
besser haftenden Gliedes, Zsch. f. Psychol., 1921, 86, 236-252. 
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had been previously used by Muller and Pilzecker.4| Winzen 
experimented with forward and backward association, with 
familiar words and syllables made familiar by use, and with 
stronger accent, double reading, and higher visual attention 
value. He attempted to make the learning as mechanical as 
possible and to avoid memory aids and meaningful associa- 
tions. His results seemed to favor the conclusion that 2 ac- 
tivities can be associated with each other more efficiently 
when the more familiar activity is in the first place than when 
the less familiar activity is in the first place. 


Part I. Associations BETWEEN F-F, U-F, F-U, 
AND U-U Pairs 


Subjects.—Most of the S’s were university students, and their age and sex distri- 
bution for the two modes of presentation was as follows: 





























Visual Auditory 
Age 

M F M. F 
DOOR. ace nened I I 
NS 5 ok we aces I I I 
ee 3 3 I 4 
SG ne cde a S 7 6 8 
a, ee 6 2 4 
ORs coc snnnes 9 17 II 17 

26 28 
54 








Material—The F words and U syllables were the same as those used by the 
writer in a previous study. [Lists of these words and syllables are given in: Tables II 
and III, in Specific serial learning; a study of backward association, J. Exper. Psychol., 
1926, 9, 195-227. ‘The words were among the most familiar in the English language, 
and the syllables were the most unfamiliar 3-letter combinations that could be found. 
Examples of the F words that were used are: all, bed, cow, dog, fat, let, and rag; and 
examples of the U syllables are: bav, dax, fev, gex, heg, kig, miv, nuv, rux, taz, vub, 
wug, and zeg. All of the words and syllables were of 3 letters, and they had the 
special advantage that all of them could be clearly pronounced. ; 

Each of 18 lists, of 16 pairs each, was typewritten on a separate sheet of paper. 
In each list there were 4 F-F pairs, 4 U-F pairs, 4 F-U pairs, and 4 U-U pairs; and the 
4 kinds of pairs were rotated to equalize position. 

Procedure.—The S’s were taken individually, and the writer was the experimenter 
in 2/3 of the cases. 





4G. E. Miller and A. Pilzecker, Experimentelle Beitrage zur Lehre vom Ge- 
dachtnis, Zsch. f. Psychol., Erganzungsband I, 1900, 194. 
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1. S studied one list at a time, and was instructed to study each pair in such a 
way that later when the first item was spoken by the £ he could or would try to give 
the second item. He was urged to distribute his practice and effort equally between 
all of the different pairs. E assured S that the first item in each pair would always be 
the stimulus-item. 

2. S was asked to use any method he desired in trying to connect the items. 
The method actually employed by different S’s varied considerably, but each S tended 
to continue using the method that seemed most natural to him and which he thought 
was most efficient. 

3. S was instructed to study each pair as a separate unit, and was asked not to 
try to learn the pairs in any order, since the pairs would always be taken in an irregular 
order in the later tests for Learning and Retention. 

4. The time allowed for studying the successive lists of pairs was varied in such 
a way that S generally learned 1, 2, or 3 pairs of each kind out of a possible 4. The 
time for a list ranged from 2} to 10% min, and it was generally between 4 and 8 min. 
Varying the time adapted the experiment to the unequal learning abilities of the 
different S’s; but this procedure did not prejudice the results in favor of any one of the 
4 kinds of pairs. 

5. At the end of the time allowed for studying a list, E tested S’s Learning, and 
the pairs were taken in an irregular order. E pronounced and then spelled each 
stimulus-item, as ‘rag—r-a-g’ or ‘dax—d-a-x.’ S was allowed as much time as he 
desired in trying to recall the response-item, and he said ‘No’ when he was fairly 
certain that he could not recall it. When the response was correct, £ recorded a score 
of 1 for the pair, and gave the next stimulus-item without unnecessary delay. If all 
of the letters in the response were wrong, E said ‘No.’ If the response was partly 
correct, E told S which letters were right and gave him one further opportunity of 
recalling the whole word or syllable. No credit was allowed if the response was not 
finally entirely correct. 

6. At some time during the following day, S’s Retention of the paired items was 
tested in a similar manner, but without further practice, and the pairs were again 
taken in an irregular order. 

7. An attempt was made to use each of the 18 lists the same number of times, 
and the total number of lists used with 1 S was generally 4, 5, or 6. 

8. The first experimental period lasted between 1 and 13 hrs, and the test for 
Retention on the second day required from 15 to 25 min. 

The procedure described above was followed for all S’s, but the presentation of 
the material was Visual for some S’s and Auditory for others. 

In the Visual presentation, a list was handed to S, and he studied the paired items 
in his own way. He was instructed to distribute his time and effort equally between 
the different pairs. 

In the Auditory presentation, E read the paired items aloud to S, at regular 
intervals. The 2 items in each pair were spelled out, as ‘g-e-x—t-a-z,’ or ‘w-u-g— 
a-l-l.’. S was asked to be listening for the next pair which would be given without 
warning, so that he would not ask E to repeat, and he was instructed to attempt to 
connect the 2 items only during the time interval intended for that pair. 

In the Auditory presentation, each list was read to S 1 or 2 times, and the pro- 
cedure that was followed made a comparison possible between the relative efficiency 
of Spaced and Unspaced Learning. One list was read once with 20 sec for each pair, 
and the following list was read twice with 10 sec for each pair; or 1 list was read twice 
with 15 sec for each pair, and the following list was read once with 30 sec for each pair. 
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The procedure was alternated in this way, and the total time spent on 2 adjacen 


lists was the same, and the only difference in the external conditions was in the spaced 
and unspaced periods of study and effort. 


Results.—The results of Part I are summarized in Tables 1, 

2, and 3. Scores are given for Visual and Auditory presenta- 

tion, and for Learning and Retention. In the case of each S, 
TABLE 1 


Revative Ranks or F-F, U-F, F-U anp U-U For Dir FERENT SuBJECTS IN LEARNING 
AND RETAINING THE Parrs oF WorpDs AND SYLLABLES 






























































. Mean 
as ers aoe Se Oe Be ee he lr : 13231212313 13%814 ma owe oe 
F-F |22| 1 | 2 I 1.17 I 
Learning U-F | 1 10/ 4] 7] 2] 242.58 2 
F-U} 2] t] 5] 4 [10] 2 | 212.63] 3 
Visual U-U| 1 1] 2 | 2] 2 |18]3.58] 4 
Presentation a ee ees Vien Ee ne a 
N = 26 F-F | 2 I 1.02 I 
Retention After |U-F 111313 15] 24 242.50] 2 
One Day F-U 3141913 | 713-13 3 
U-U 3) 11] 8] 3 1 1113-35 4 
F-F |}26} 1 | 1 .05 I 
Learning U-F 1 | 3] 3 |16] 3 | 2]2.91 3 
F-U | 1 18} 3 | 2] 1 | 342.36] 2 
Auditory U-U I 5| 4 |18}3.68] 4 
Presentation ~~} --—] —-| —-]-—-|——]— - 

N = 28 F-F |26} 1 I 1.05 I 
Retention After}U-F | 1] 1 |r} 5 | 8 1/2.45] 2 
One Day F-U 714/114 212.77] 3 
U-C 1} 3] 1 2313-73| 4 











TABLE 2 
Revative Erriciency oF LEARNING AND RetaininGc F-F, U-F F-U, ann U-U 
Patrs oF Worps AND SYLLABLES: CoMBINED RESULTS 























re F-F U-F F-U U-U 
N...} 134 34 134 134 
Learning | Av.. 3-28.05 |> 2.32+.07 2.38+.07 1.81+.07 
Visual S.D. 86 1.12 1.13 1.26 
Presen- - 
tation | Retention | N...| 134 134 134 134 . 
After Av.. 1.99+.07 1.00+.06 764.05 542.05 
One Day |{S.D.| 1.21 1.04 87 80 
N...| 133 133 133 133 
Learning | Av.. 3-35.05 1.89+.07 2.23.06 1.33.07 
Auditory S.D. 82 1.14 1.10 1.16 
Presen- — 
tation | Retention | N...| 133 133 133 133 
After Av.. 2.260+.07 1.22+.06 1.21+.06 574.05 
One Day |S.D.) 1.14 1.09 1.10 87 
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an average score was calculated for each of the 4 kinds of pairs 
in all 4 situations, and Table 1 shows the relative ranks of the 
4 kinds of pairs. In Visual presentation, 22 S’s out of 26 
learned the F—F pairs more efficiently than the 3 other kinds 
of pairs (a rank of 1). The score of 1 S for F—F was a tie 
between first and second places (a rank of 13). The Mean 
Rank for Learning F—F was 1.17. Each of the 4 kinds of pairs 
has 4 Mean Rank scores, and when these mean scores for each 
pair are averaged, the following Average Ranks are obtained: 


Pair Av. Rank 
Cds chikd este eb enedwsstneny Se 
ET ee 
OE TET 
DE hawsewewsineee tees seennsa Se 


Table 2 shows the combined results of all of the S’s on the 
relative efficiency of Learning and Retaining the 4 kinds of 
pairs. In each list of paired items there was a score of 0, I, 2, 
3, or 4 for each of the 4 kinds of pairs. The number of lists 
used was not the same for all S’s; and N in the table indicates 
the total number of lists used by all of the S’s. The N. 4>., 
S.D., and P.E.4», are given for each of the 16 distributions. 
The F—F pairs were first and the U-—U pairs were last on all 
4 tests. In Visual presentation, U-F and F-U were equal in 
Learning, but U—F was superior in Retention. In Auditory 
presentation, U—F was below F-—U in Learning, but they were 
equal in Retention. If the average scores for Learning are 
taken as a base of 100, the percents which the average Re- 
tention scores are of the average Learning scores are as follows: 


























[-F U-F F-U U-U 

i Po ia BU or a 100 100 100 100 
Visual ¢ ; 

, ere 61 43 32 30 

buitiians ann ceankeneves 100 100 100 100 

: Y\ Retention............ 67 65 54 43 





If the average scores for F—F are taken as a base of 100, the 
percents which the average U—F, F—U, and U-U scores are of 
the average F—F scores are as follows: 











300 HULSEY CASON 





























F-F U-F F-U U-U 

Visual SNS. in F5sda de dedpaunees 100 71 73 55 
Co ere reer reese ree 100 50 38 27 
Auditory § LEQTMINE....- ee eee. 100 56 67 40 
rt hi 5 igo aioe sa 6aRA 100 54 54 25 





These results give reliable measures of the relative ef- 
ficiency of Learning and Retaining F—F and U-U pairs, but 
they apparently do not afford an adequate basis for a general 
conclusion on the relative efficiency of Learning and Retaining 
the U—F and F-U pairs, principally on account of the irregu- 
larities in the results for Learning as compared with those for 
Retention. For this reason, a further study of the U—F and 
F-U pairs is made in Part II. 


TABLE 3 
ReLativeE ErricteNcy OF SPACED AND UNSPACED LEARNING, WITH 
Aupitory PRESENTATION: COMBINED RESULTS 



































ee I So ia ga oben makers ae ae ew weeiwaele Spaced Unspaced 

re 64 64 

F-F OEE TS 3-48.06 3-23.07 
| | .75 .86 
ree 64 64 

U-F_ | Av........ 2.20.09 1.58.09 
S.D 1.08 1.10 

Learning 

N 64 64 

F-U \v 2.28+.09 2.14.09 
S.D 1.04 1.10 
N. 64 64 

U-U Av 1.53.09 1.13.10 
S.D 1.09 1.22 
eee 64 64 

F-F Av 2.34.08 2.19+.11 
S.D.. 1.00 1.2 
N... 64 64 

U-F Av, 1.36.09 1.09.09 
S.D I.11 1.06 

Retention After One Day 

N.. 64 64 

F-l Av. 1.22+.09 1.14.09 
S.D 1.04 1.06 
ae 64 64 

i Za. eee .67+.07 .50+.07 
S.D 87 88 
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Table 3 shows the relative scores for Spaced and Unspaced 
Learning, with Auditory presentation. One hundred and 
twenty-eight of the lists were paired with each other in such a 
way that in the case of 64 pairs of lists a good comparison 
could be made with the same S in Spaced and Unspaced Learn- 
ing. Inthe procedure that was followed, FE, for example, read 
a list twice and allowed S 15 sec for each pair (Spaced Learn- 
ing), and £ then read the following list once and allowed S 
30 sec for each pair (Unspaced Learning). The total time 
spent in trying to learn the pairs was the same in Spaced and 
Unspaced Learning. The results in the table show that 
Spaced Learning is more efficient than Unspaced for each kind 
of pair in the tests for both Learning and Retention. Although 
some of the differences in the table are not reliable, the re- 
liability of the general conclusion in favor of the Spaced Learn- 
ing of this kind of material is greatly increased because the 
same result was obtained in 8 different comparisons. 


Part II. Associations BETWEEN U-F anp F-U Patirs 


In the second experiment a further study was made of the 
relative efficiency of Learning and Retaining U—F and F—-U 
pairs, and the most F of the F words and the most U of the U 
syllables were used as learning material. U-—F pairs for cer- 
tain S’s were reversed and used in exactly the same way as 
F-U pairs for an equal number of other S’s. The F—U pairs 
were also reversed and used in the same way, so that the only 
difference between the U—F and F-U pairs was in the order 
of the 2 items in the pairs. 

Material.—The 288 words and 288 syllables used in Part I 
were selected by chance from lists of 300 words and 300 sy!l- 
lables which had been used in a previous study. In preparing 
the material for the present experiment, the same 300 words 
and 300 syllables were submitted to 24 judges (16 under- 
graduate and 6 graduate students, and 15 men and 9 women). 
Each judge was asked to select at least 25 of the F words 
that seemed the least F to him, and at least 25 of the U syl- 
lables that seemed the least U to him. On the basis of these 
combined judgments, 52 of the least F words and 52 of the 
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least U syllables were excluded, and the remaining 248 most 
F words and 248 most U syllables were used as learning ma- 
terial. These words and syllables, which are given in Tables 
4 and 5, seem to constitute excellent learning material. 


TABLE 4 


248 FamiLtiaR Worps 


ACT ADD AGE AID AIM AIR ALL AND ANT APE ARE ARM ART 
ASH ASK ATE BAD BAG BAR BAT BAY BED BEE BEG BET BID 
BIT BOY BUD BUG BUN BUS BUT BUY CAB CAN CAP CAR CAT 
COT COW CRY CUP DAY DEN DEW DID DIE DIG DIM DIN DIP 
DOG DOT DRY DUE DUG EAR EAT EGG ELM END EVE EYE FAN 
FAR FAT FED FEE FIG FIT FIX FLY FOE FOG FOR FOX FRY 
FUN GAS GAY GEM GET GOT GUM GUN HAD HAM HAS HAT HAY 
HEN HER HID HIP HIS HIT HOG HOP HOT HOW HUG HUM HUT 
ICE ILL INK INN ITS JAM JAR JAW JOB JOY JUG KEY KID 
LAD LAG LAP LAY LED LEG LET LID LIE LIP LIT LOG LOT 
LOW MAN MAP MAT MAY MEN MIX MUD MUG NAP NET NEW NOD 
NOR NOT NOW NUN NUT OAK OAT ODD OFF OIL OLD ONE OUR 
OUT OWE OWL OWN PAD PAN PAT PAW PAY PEG PEN PET PIE 
PIG PIN PIT POP POT PUP PUT RAG RAP RAT RAW RAY RED 
RIB RID RIM RIP ROB ROD ROT ROW RUB RUG RUN SAD SAP 
SAT SAW SAY SEA SET SEW SHE SHY SIN SIP SIR SIT SIX 
SKY SLY SOB SON SPY SUM SUN TAG TAN TAP TAR TAX TEA 
TEN THE TIE TIN TIP TOE TON TOO TOP TOY TRY TUB TUG 
TWO USE VOW WAR WAS WED WET WHO WHY WIN WIT YES YET 
YOU 
TABLE 5 
248 UNFAMILIAR SYLLABLES 


BAF BAP BAV BAZ BEM BEP BEX BIV BOF BOP BOV BUP BUV 
DAP DAV DAX DEG DEV DEZ DIB DOB DOY DUR DUS DUT DUV 
FAP FAV FEG FEK FEP FEV FEX FID FIK FIM FIP FOD FOS 

FOV FUB FUP FUV GAX GEB GED GEK GEP GEV GEX GEZ GID 
GIK GIR GIS GIX GOK GOS GOX GUB GUK GUP GUR GUX HEB 
HEF HEG HES HEX HIB HIF HIG HUD HUK HUV HUX HUZ KAX 
KAZ KEB KEF KEM KES KEV KEX KIB KIF KIG KIV KUV KUX 
LEB LEZ LIG LIS LOY LOZ MAF MAV MEF MEP MEV MEZ MIB 
MIG MIP MIV MOF MOV MUB MUP MUX NAD NAF NAR NAZ NEF 
NEG NEP NIV NIZ NOF NOY NUG NUK NUP NOUV PAB PAF PFB 
PEF PEM PIB PIV POB POF POG POV POY POZ PUV PUZ RET 
REZ RIK RIV ROF RUK RUP RUV RUX SEB SEG SOF SOV SOZ 

SUF SUG SUL SUV TAV TAZ TEB TEF TEG TEP TEV TEY TIB 

TIV TOF TOV TOZ TUD TUP TUS TUV VAB VAD VAF VAM VAP 
VAW VEB VED VEF VEP VIB VID VIG VIP VOB VOD VOF VOK 
VOP VOZ VUB VUD VUF VUG VUM VUP VUR VUT VUX VUZ WAB 
WEF WEM WEZ WIB WIX WOB WOG WOX WUB WUG WUK WUP WUV 
WUX ZAB ZAK ZAN ZAR ZAX ZEF ZEG ZEM ZEN ZER ZID ZIF 

ZL ZIV. = ZOF ZOM ZOR ZOV ZOY ZUB ZUD ZUF ZUG ZUL ZUT 
ZUV 


With these F words and U syllables, 31 lists, of U-F and 
F-U pairs, were constructed; and in each list there were 8 


pairs, 4 U-F and4 F-U pairs. An attempt was made to avoid 
the obviously easy pairs. The above lists were numbered 
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consecutively from I to 31, and they will be referred to as the 
A-Lists. A second set of material, the B-Lists, was prepared 
by reversing the 2 items in each of the 248 pairs of the 4-Lists, 
each pair remaining in the same position in the list. In con- 
structing the B-Lists the U-—F pairs of the A-Lists were 
changed to F—U pairs, and the F—U pairs of the 4-Lists were 
changed to U-F pairs. The B-Lists were also numbered con- 
secutively from I to 31. In the procedure that was followed, 
each of the 4-Lists was used the same number of times as the 
corresponding B-List, that is, 41 was used the same number 
of times as B1, and 44 the same number of times as B4. The 
A-Lists and the B-Lists had to be used with different S’s. 

Subjects —Most of the S’s were university students, and 
their age and sex distribution for the 2 modes of presentation 
was as follows: 
































Visual Auditory 
Age 

M. F. M. F. 
RS vince ae 2 I 
PE oa keene 
| I 12 5 7 
SPE + kienadws 3 4 12 
, a es 3 16 9 19 

19 28 
47 





Procedure.—In addition to the differences in the material 
and in the construction of the lists described above, the present 
procedure differed from that used in the first experiment only 
in the following respects: 

1. The writer was the experimenter in all cases. 

2. The total time allowed for a list was generally between 
2 and 4 min. 

3. The d-Lists and the corresponding B-Lists were used 
the same number of times but with different S’s in the Visual 
presentation and also in the Auditory presentation. 

Results —The results of Part II are summarized in Tables 
6, 7, and 8. Table 6 shows the relative ranks of U—F and 
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TABLE 6 
RevativeE Ranxs or U-F anp F-U ror DirFerent Susjects IN LEARNING AND 
RETAINING THE Pairs oF WorpDs AND SYLLABLES 








Mean| Rank 
Fe TS ee Ey Ee ae el SOE ey a ET ee ere I 14 | 2 | Rank} Order 


U-F | 6] 1 |1211.66 2 
2] 1 6] 1.34 I 








” , Learnin 
Visual Presentation B 


N = 19 




















. -F j1r| 2 | 611.37] 1 
Retention After One Day F-U | 6| 2 |11/1.63| 2 
. U-F 2 117) 1.64 
Auditory Presentation Learning F-U 


N = 28 








16] 1.59 
In]1.41] 1 


wv 











9 2 
17| 2 | 91] 1.36 I 
II 
16 


Retention After One Day F-U 

















F-U pairs for different S’s. The F—U pairs are above the 
U-—F on all tests except Retention with Visual presentation. 
If the Mean Rank scores are combined, the following Average 
Ranks are obtained: 


Pair Av. Rank 
ge, EEC O ECT EE ECR TC TET CTE 
ae SEE CT ee 


Table 7 shows the combined results of all S’s on the ef- 
ficiency of Learning and Retaining the U-F and F-U pairs. 
In each list of paired items there was a score of 0, I, 2, 3, or 4 
for each kind of pair. In Visual presentation, F—U was 
slightly above U-F in Learning, but the 2 were almost equal 
in Retention. In Auditory presentation, /—U was above U—F 
in both Learning and Retention. Since the distribution of 
study and effort could be more completely controlled in the 
procedure with Auditory presentation, it seems quite probable 
that 2 items in paired associates learning can be learned and 
retained more efficiently when the more familiar of the 2 items 
is in the first place. : 

In the procedure with Visual presentation, a card on which 
the 8 pairs were typewritten was handed to the S, and he was 
asked to distribute his time and effort equally between the 
different pairs. Table 8 shows the percent of items that were 
correct in each of the 8 positions. Position in a series of paired 
associates does not seem to have any influence except in the 
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TABLE 7 
RELATIVE EFFICIENCY OF LEARNING AND RETAINING U-F ano F-U Pairs or Worps 
AND SYLLABLES: COMBINED RESULTS 








ne ee re an a ac a Ca U-F 














F-U 
_ 248 248 
Learning Av... 2.83+.04 2.92+.04 
Visual re 1.05 1.05 
Presentation . 
. Bees 248 248 
~— After One ol $0.03 46.03 
” S.D... 72 68 
ere. 248 
Learning Av... 2.60+.05 2.75.04 
Auditory an ne aee 1.09 1.05 
Presentation 
. ET 248 
—~a After One oa 75.04 88-+.04 
ay Le 88 85 

















case of the last items in the list, where a slightly smaller per- 
cent of pairs are learned and retained. 


TABLE 8 


PERCENT oF ITEMS Correct tN Eacu oF THE E1cuHT Positions 
IN VISUAL PRESENTATION 




















Position I 2 3 4 5 6 7 8 
EAOPMIAG. ooo eee cccscccsccssecsscccseosl 991 241 7S | 72 1 7S 1 73 | & | 6S 
Retention After One Day.................] 13 | 11 | 13] 15 | 12 | ur | 12] 9 




















The conclusion in regard to the slight superiority of learn- 
ing and retaining F—U pairs as compared with U-F pairs is in 
harmony with the results obtained by Winzen. It might have 
been thought that the U-—F pairs would be superior, because 
in the tests for learning and retention E gave the U item and 
S was asked to recall the F item. S already knew how to 
spell the F item and was entirely familiar with it before the 
experiment began, and one might have expected that it would 
be easier for S to give an F item than a U item. However, 
the F item may have been a more adequate stimulus, and may 
have evoked a larger number of natural associations when S 
was trying to recall, thereby improving the relative scores for 
learning and retaining the F-U pairs. 


(Manuscript received February 11, 1932) 











A TECHNIQUE FOR THE TAKING OF LONG 
OSCILLOGRAPH RECORDS 


BY WILMER T. BARTHOLOMEW 


Peabody Conservatory of Music, Department of Research 


The oscillograph has long been a useful instrument in the 
analysis of electric currents of all sorts. Of late, its usefulness 
as an instrument of sound-analysis has begun to be appre- 
ciated, particularly in cases where fine differences in timbre 
are important determinants of the tone-quality. For this 
purpose, the sound of the voice, violin, or other instrument to 
be studied, is picked up by a microphone similar to those used 
in broadcasting. In other words, the pulsations of the air 
known as ‘sound-waves’ affect this microphone in such a way 
as to be transformed into minute pulsations of an electric cur- 
rent exactly duplicating and synchronizing with the pulsations 
of the air-wave. These electric pulsations are then amplified 
with the aid of vacuum-tubes, and brought to an oscillograph. 

Many commercial oscillographs, however, cannot realize 
their full value because they are not equipped with auxiliary 
apparatus to make possible the photography of tones lasting 
about a second or more, with the waves sufficiently spread out 
for purposes of analysis. ‘This last is a very important con- 
sideration in the field of music, for it appears that important 
differences in tone-quality are frequently to be found in the 
high and very high partials. Indeed, as an instance, a study 
of vocal quality which has been under way at the Peabody 
for the past two years, has shown that the frequencies in the 
neighborhood of 3000 dv are of considerable importance in 
determining the artistic value of voice-quality. | 

If such high frequencies are to be separated sufficiently 
for satisfactory reading, the film-speed should be at least 10 
feet a second. Also, it is frequently desirable to have records 
of a tone lasting as long as a second, in order to analyze the 
vibrato, that important ingredient of ‘tone-quality.”! Thus 


1 Cheslock, L., Introductory Study on Violin Vibrato, Peabody Institute Research 
Studies in Music, No. 1. 
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we see the necessity of taking rapid oscillograph records of at 
least 10 feet in length. Very few oscillographs are equipped 
to handle records this long, at such a high film-speed. As a 
result, it became necessary for us to devise a method of re- 
cording that would make them possible, and since the oscillo- 
graph is coming more and more into general use, it is thought 
that a description of our apparatus would be of value to other 
investigators. 

Various methods were considered. The ideal way, of 
course, would be to have a drum with a large enough circum- 
ference to take as long a film as we wished. But this was 
rejected because of the difficulty in procuring such a drum, or 
in mounting it accurately enough to avoid vibration when 
driven at the necessary speed. The next best way would be 
to have a smaller drum and in conjunction with it some means 
of shifting it laterally in front of the light-slit of the oscillo- 
graph, in order to secure a helical record of say 6 or 7 revolu- 
tions on the one drum. Helical-shift kymographs operate on 
this principle, but are too small in diameter. A larger drum 
is necessary, with its entire width covered with film. ‘There 
is an excellent device of this type in use at the Bureau of 
Standards in Washington, consisting of a heavy drum about 
three feet in diameter, which engages in a screw thread so as 
to shift it laterally while making the record, thus tracing a 
long helical oscillogram. The cost of this was prohibitive, 
however. 

We next considered the possibility of placing a slowly 
increasing electrical bias on the oscillograph vibrator, so as to 
cause the point-of-light to trace a helical line, but this intro- 
duced among other problems the difficulty of maintaining 
constant contact by using a sliding brush. If contact is not 
maintained perfect, inductive kicks will be introduced. So we 
gave up the helical idea. (There is of course a very slight 
displacement error in all helical records in that the amplitude 
is not strictly perpendicular to the zero-line.) We also con- 
sidered a machine on the principle of the cancellation machines 
used in Post Offices, to shoot a series of cut films across the 
light slit, but gave this up because of our desire for constant 


and known film speed. 
25 
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There seemed to us to be but one other method, the use 
of a long, endless belt with two small drums, and preliminary 
experiments showed this method to be feasible. 

After some attempts with a woven white cotton belt, 
which failed because of its weight, stiffness, and a thick splice, 
we tried ordinary table oil-cloth, of black color, with the 
ends glued together. This was about 1435 feet long, and was 
stretched over two drums about 8 inches in diameter, ‘and 
about 7 feet apart. One of these drums was driven by an 
electric motor, and caused the belt to revolve around the 
other, idle, drum. ‘The oscillograph was placed in front of 
this idling drum, at the correct focal distance to define the 
spot of light sharply on a film fastened on the drum. This 





same rather hastily constructed belt has been in service now 
over a period of two years, during which time it has made 
many thousands of revolutions. It shows little sign of de- 
terioration yet, and is apparently good for a long time. The 
smooth surface is next to the drums, leaving the cloth surface 
(wrong side) uppermost. ‘The film can be easily fastened on 
this by means of a strip of adhesive tape at each end. 

Figure 1 shows the belt. At the left stands the oscillo- 
graph, in front of the idle drum. The clearance when focused 
is small, but sufficient. At the right is a box containing the 
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drum which drives the belt. This drum is itself driven by the 
motor by means of a leather belt which engages either a pulley 
on the drum-shaft inside of the box, or the larger pulley to be 
seen on the extension of the drum-shaft outside of the box. 
We have therefore two film-speeds available, as follows: low- 
speed, approximately 11 feet per second, and high-speed, ap- 
proximately 22 feet per second. So far it has not been neces- 
sary to use the higher speed. ‘The highest frequency which it 
has been necessary to count with the naked eye in our records 
has been around 4000 dv, and the lower film-speed will sepa- 
rate the individual waves of this frequency to about .033 inch, 
which is quite sufficient for analysis when the spot of light 
has been properly focused. Intermediate speeds have been 
obtained by using a rheostat. 

The only trouble experienced with the belt was that 
of ‘walking’ laterally along the drums, due to slight non- 
parallelism of the drum-axes. ‘This was corrected by fitting 
a simple ‘micrometer’ adjustment to swing the rear of the 
driver-drum box slightly. Thus its position could be ac- 
curately set by means of a screw so that the belt was equally 
tight on both sides. When adjusted properly, it may be run 
indefinitely without the belt changing position in the slightest. 

The use of a long belt of this sort has an additional ad- 
vantage, in taking all vibration away from the oscillograph. 
The drum that came with the oscillograph originally, fitted 
into slots in the back, and when driven fast caused the whole 
instrument to vibrate and rattle. This would in time loosen 
the tiny mirror from the vibrator ribbons, if it did nothing 
more serious. Now, in addition to being-able to take 14-foot 
records instead of 10-inch ones, the oscillograph rests quietly 
on a solid work table in front of the moving film. 

The belt is approximately 14} feet long, and 5 inches wide. 
It is set up in a dark-room soundproofed from the studio where 
the singer or player performs. Figure 2 shows a closer view 
of the belt, the idle drum and its bearings, and the oscillo- 
graph in position for recording. ‘The leader end of a narrow 
film (fastened to the belt with adhesive), has just passed the 
light window. This light window cannot be seen in the 
picture, but is in a horizontal plane with the drum-shaft. 
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Having solved the problem of moving a long film past the 
oscillograph, it was necessary to find some means of making 
the exposure. In ordinary cameras this is done by opening 
and closing a shutter. With our oscillograph, however, it was 
much more desirable to use no shutter, but to start and stop 
the exposure by closing and opening the circuit of the in- 
candescent lamp which furnishes the light reflected from the 
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vibrator mirror to the film. The reason for this is that in 
order to get records at all at the speeds we needed, it was 
necessary to flash 7 or 8 volts momentarily on a 4 volt lamp. 
This increases the intensity of the light quite considerably, 
particularly in that section of the spectrum to which the photo- 
graphic film is most sensitive. It is hard on the lamp, though, 
and so the current should be shut off as soon as the spot of 
light has been traversed by the length of film. Thus, although 
the vibrator in the oscillograph is responding constantly to 
the variations of the sound waves, a record is made only when 
light is reflected from its mirror to the film. 

After trying out several methods without success, this ex- 
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posure problem was solved by placing only a 10 foot length 
of film on the belt. This left a gap of 4} feet with no film. 
A very thin wire about 16 inches long was fastened on the belt 
and arranged to slide over two stationary brass arch brushes. 
This would complete a circuit which would flash a pilot lamp 
(or give a short audible signal in a telephone receiver), in the 
studio where the singer or player was performing, at the exact 
instant when the center of the 43 foot filmless section was in 
front of the light window. At the proper time in the rendition 
of the music, an operator in the studio would then press a 
telegraph key on one of these flashes and release it on the 
next flash. This key would control the 8 volts supplied to the 
oscillograph lamp in the dark-room, and the light reflected 
from the vibrating mirror would trace a curve on the 10 feet 
of film. ‘The lamp would come on and go out during the in- 
terval of time that the 45 foot section was passing the light 
window. 

This method worked fairly well, except that it required 
quite careful concentration on the part of the operator. ‘The 
flashes occurred every 14 seconds, at the lower film speed, and 
the possible error in synchronization was that which 2} feet 
of film would allow, which at the lower speed was approxi- 
mately +1/5 second. If this were exceeded, an overlap 
would occur at one or both ends of the record. If the operator 
had nothing to do but attend to his signals, and synchronize 
his key with any two successive ones, this method would have 
been satisfactory. However, it was necessary for him to at- 
tend also to the sound, so that he could select the proper 
moment in the duration of the tone to take the record. Also, 
he could hardly prevent himself from hearing rhythms induced 
by the music being performed, which would cut across the 
exposure rhythm with which he had to synchronize. Con- 
sequently this method was discarded. 

Next we purchased an ‘Automatic Drop’ relay, of the type 
which are used for burglar alarms. These consist of a pair of 
magnets which when energized by current pull down an arma- 
ture which acts as a trigger to release a spring contact. ‘This 
contact flies against another, and completes a circuit through 
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a signal such as a bell, which will continue ringing until shut 
off by a master switch. ‘The original impulse of current need 
only be very short, just sufficient to trip the trigger. We used 
this in the circuit shown in Fig. 3. 

When the studio operator is ready to record, he closes the 
operating key. This sets up a circuit through the magnet 
coils and the stationary belt brushes, which is completed as 
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soon as the contact wire on the belt next reaches these brushes. 
When this circuit is completed, the magnets draw down the 
trigger (not shown), and the contact points at 4 complete a 
circuit through the key and the oscillograph lamp. The lamp 
will remain lit as long as the operator holds down the key. 
A pilot lamp in parallel, and located in the studio, will indicate 
the interval of time that the oscillograph lamp is on, while a 
head-set around the key gives the operator preliminary 
signals at the instants when the belt contact is made, should 
he desire them. 

The advantage of this method is that the operator is re- 
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lieved of the necessity of synchronizing the beginning of the 
exposure with a visible or audible signal. He may press in 
the key at any time, and as soon as the leader end of the film 
is next ready to come before the light window, the light is auto- 
matically turned on. There is a possible lag here of nearly 
13 seconds, of course, if the contact has just passed its brushes 
when the key is closed. By getting into the habit of closing 
the key about a half second before the time that the exposure 
is desired to start, the ‘probable error’ here is cut down greatly. 

Although this method was an improvement, there was 
still considerable opportunity for error, since the operator had 
to release the key with just as much exactness as before. 
More of his attention was available for the releasing, it is true, 
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but it was still a task of muscular synchronization, which 
demanded too close attention. 

We finally overcame this fault by the use of a second relay, 
somewhat modified, and by modifying also the relay circuits 
so as to make the control circuit through the operating key 
independent of the lamp circuit. Figure 4 shows one of 
several circuits we used, embodying this method. 

The key has now become a two-pole ‘control’ switch. 
When the operator is ready to record, he closes this switch in 
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the up, ‘make,’ position. This sets up a circuit through the 
magnets of the time-line device (described elsewhere”), the 
magnets of relay no. 1, and the belt brushes. When this cir- 
cuit is completed by the belt contact wire, the contacts of 
relay no. I are closed as before and a current flows through the 
oscillograph lamp, the contacts of relay no. 1, and the contacts 
of relay no. 2 (which are already closed), and back to the 
battery through a two-way switch. This switch enables 
either 8 volts to be used for high-speed photography, or 6 or 4 
volts for very low-speed photography or for viewing the waves 
by means of a revolving mirror. It will be noticed that relay 
no. 2 is normally in the closed position. Its upper contact is 
not used, and an auxiliary one has been placed against its 
lower one in such manner that when its trigger is tripped, the 
circuit will be opened. For this reason it is called the ‘break’ 
relay. Now as soon as the oscillograph lamp has lit, the pilot 
lamp indicates this fact to the operator, who immediately 
closes the control switch in the down, ‘break,’ position. This 
sets up another circuit, through the magnets of relay no. 2 
and the belt brushes, and this circuit is completed the next 
time the belt contact arrives at these brushes. ‘The magnets 
of relay no. 2 are then energized, the trigger is tripped, and 
the circuit is broken, even though the contacts of relay no. 1 
are still closed. Thus the lamp has been lit for one complete 
belt revolution, coming on and going off well within the 43 
foot filmless section. ‘The relays are reset between records 
by pushing plungers. 

This method was a big improvement over the others. 
However, it was not completely automatic. The operator 
was still under the necessity of attending to the pilot lamp, 
and although he no longer needed to synchronize any of his 
movements with a short signal, he yet had to throw the switeh 
to the down position within a comparatively short time (one 
belt-revolution) after he saw the pilot lamp light. It was 
desirable that he be relieved of the necessity of attending to 
anything except the sound to be recorded, and the reactions 


2 Bartholomew, W. T., An inexpensive means for timing oscillograph records, 


Am. J. Psychol., 1932, XLIV. 
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of the subject, in order that he might not miss hearing and 
noting any chance phenomena that might later be found in- 
explainable in the photograph. (For example, a sudden 
‘crack’ in the voice.) For this reason the circuit was again 
improved, so that the operator, when he is ready to record, 
needs to do only one thing, after which the oscillograph lamp 
is turned on and off automatically. This circuit is given in 
Fig. 5 

To make a record, the studio-operator closes the control 
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switch in the up, ‘Exposure,’ position, and leaves it there. 
The down, ‘Buzzer,’ position is reserved for signaling to the 
dark-room operator. ‘Two sets of brushes and contact wires 
are necessary in this method; one to make the lamp circuit, 
and one to break it. One set must be placed ahead of the 
other on the belt, so as to prevent simultaneous action. ‘This 
makes it possible for the control switch to be closed in ‘Ex- 
posure’ position either: (1) after the ‘break’ contact has passed 
its brushes and before the ‘make’ contact has reached its 
brushes; or (2) after the ‘make’ contact has passed its brushes 
and before the ‘break’ contact has reached its brushes. In 
the former case, the first relay to operate would be the ‘make’ 
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relay, and one belt-revolution later, the ‘break’ one would 
operate (as in the previous circuit). In the second case, how- 
ever, the circuit would be broken by the ‘break’ relay before 
it had been made by the ‘make’ relay, and the lamp would 
not light at all. In order to prevent this, the current which 
is to operate the ‘break’ relay through the ‘break’ brushes and 
the contact wire on the belt, is run through the contacts of a 
third relay (here called no. 2), which contacts are closed by 
the same circuit that operates the ‘make’ relay (no. 1). (It 
will be seen from the diagram that the windings of these two 
relays are in series.) ‘Thus the ‘break’ relay cannot operate 
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until the ‘make’ relay operates, because its operating circuit 
is not set up as far as its belt contact until relay no. 2 closes, 
simultaneously with no. I. , 

Therefore no matter at what part of the belt-travel the 
control switch is closed, the first relay to operate will be the 
‘make’ relay. This willlight the lamp. At the same instant, 
however, relay no. 2 has connected the hitherto broken circuit 
to the ‘break’ brushes, and as soon as this circuit is altogether 
completed by the next passage of the ‘break’ contact-wire 
over these brushes, the ‘break’ relay opens the lamp circuit. 

Figure 6 shows one of the pairs of brushes. The two 
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arches are bent out of brass, and fastened to a strip of celotex 
board, which helps to deaden vibration. This strip slides into 
the groove 4 shown in the block behind the left-hand arch. 
This places the two arches in position under the belt, and 
bearing on it very close to the point where it rides onto the idle 
drum. 


Figure 7 shows the pair of arches in position. A similar 
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pair slide into a similar groove on the other side of the belt, 
and the belt rests on these four arches. The two sides of the 
belt have been covered with smooth tapes, of paper, to reduce 
the sliding friction over the brushes, and on one of these tapes 
is to be seen a section of one of the contact-wires. The length 
of these contact wires has been cut down to 12 inches. This 
leaves about 9g inches for the actual contact, since the arches 
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are about 3 inches apart. At the higher film-speed, this corre- 
sponds to an actual time of only about 1/30 of a second, but 
this time is sufficiently long to trip the relays. The black line 
in the center of the belt is a centering line for the film, which 
is placed in the space between the two paper tapes. 
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Figure 8 shows a corner of the studio. At the right-hand 
side of the picture is to be seen the control switch, together 
with two signal lamps. In practice, when a record is to be 
made, the studio operator waits for a green light signal from 
the dark room. When he sees it, all is in readiness for a record. 
At the particular time that he wishes to photograph the tone, 
he closes the control switch to the ‘Exposure’ position. The 
oscillograph lamp is automatically lit at a time varying up to 
13; seconds after he throws the switch, and is automatically 
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shut off after an interval corresponding to the distance be- 
tween the two contact wires on the belt. A red pilot light 
indicates to the studio operator the interval of time that the 
oscillograph lamp is on. After this pilot lamp has gone out, 
he may open the switch again, although if left closed it does 
nothing more than click the relays which have already been 
tripped. The oscillograph lamp is safely out, and cannot be 
lit again until the relays are reset. 

The dark-room operator is supplied with a pair of head- 
phones, to be seen in Fig. 1, which are shunted around the 
vibrator. ‘These enable him to listen in on the studio, and to 
hear the sound as it is being photographed. He waits until 
he hears all the relays trip, or he may also watch the light shine 
on the film until it goes out. He then shuts off the belt motor, 
takes off the exposed film and places it in a light-proof can, 
fastens a new length of film on the belt, numbers it according 
to the number signalled to him by the buzzer, re-sets the relays 
and the time-line device, and turns on the belt motor.: The 
switch which controls the belt motor also lights the green lamp 
signal in the studio, and the studio operator, after checking 
the amplifier meters, proceeds with the next record. 

If the next record is to be made quite immediately, so 
that there is not time to change films, it is possible for the 
dark-room operator to close a biassing switch which puts 
sufficient DC through the oscillograph vibrator to move the 
zero-position of the spot of light so that another wave may be 
photographed alongside of the first one on the same film strip. 
This, together with the re-setting of the 3 relays, can be done 
in 2 or 3 seconds. If the cost of film needs to be considered, 
this method is of value, although of course the permissible 
amplitude is halved in this case. It is also of value where it 
is desirable to have two waves juxtaposed for purposes of 
comparison, as when the same note occurs twice, near to- 
gether, in the same composition.® 

The circuit we are now using has still another advantage 
over its predecessors. The ‘break’ contact-wire may be 


3It must be emphasized, however, that the drawing of conclusions from mere 
visual comparison of sound waves is subject to error. Little can be told about the 
timbre of a tone from the graph of the wave until it is subjected to harmonic analysis. 
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placed anywhere on the belt, and if 5-foot records are desired, 
or only 1-foot ones, it can be set so that the lamp is lit only as 
long as absolutely necessary, instead of a whole belt-revolution 
in each case, as before. A certain lag must be allowed for the 
lamp to come up to full brilliancy before the film reaches the 
light window, but no lag is necessary at the other end. Re- 
cently we have taken a large number of 3-foot records (suf- 
ficiently long to show at least one complete vibrato cycle in a 
tone). Suppose we allow as much as 2 feet for the lamp to 
come up to brilliancy. We are then able to set the ‘break’ 
contact-wire only 5 feet from the ‘make.’ ‘Thus our lamp is 
turned on only about 35% as long as with the previous 
method. ‘This can mean a considerable saving in bulbs, es- 
pecially when 7 or 8 volts must be flashed on a 4 volt lamp. 
However, the life of these lamps is really remarkable. They 
have been much improved from the earlier models, by the 
Westinghouse Company. With the older circuit, which re- 
quired the lamp to be on 14 seconds per exposure, we have 
taken hundreds of such exposures at over-voltages of 6, 7, 
and 8 volts without burning out the bulb. In fact, one bulb 
performed recently at such over-voltages for a series of nearly 
600 records, besides being used for low-voltage viewing. It 
has not burned out yet, although it has developed a flicker 
when first heating up. The real limitation of these lamps is 
the cutting down of their light-production from blackening. 
This is caused by the deposition of filament-material on the 
inside surfaces of the glass, and is much accelerated when the 
lamp is burned at over-voltages. When this blackening 
reaches a certain point, records are no longer possible. 

The primary advantage of the circuit, however, is that it 
frees the operator from as much detail as possible. 

The method as it stands has at least one inherent fault; 
namely, the studio operator cannot know just exactly when 
his exposure is going to start. He may catch it instantly, or 
it may be delayed as much as 14 seconds after throwing the 
switch. It may be argued that this is a distinct disadvantage 
in cases where the tone lasts only a short while. The answer 
to this is that it is extremely unsafe to draw conclusions from 
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records of such tones. Previous studies in this and other 
laboratories have shown the important part played by the 
method of attack, ‘scooping,’ etc. For instance, a tone which 
lasts only one second, might have half or more of that second 
taken up by the preparatory scoop, and it would be im- 
possible for the operator to expose with such precision that he 
would get only the final quality and none of the preparatory 
quality, even if the apparatus would always respond im- 
mediately. Furthermore, the vibrato, in the case of the 
human voice, is frequently not set up immediately within the 
first second. For studies of tone-quality, it is necessary to 
have the tone sustained long enough to settle down into an 
approximately steady state of vibration, with pitch, intensity, 
and timbre modified only by the slight and regularly recurring 
variations of the vibrato cycles. 

A short description of the rest of the apparatus may be 
helpful, also. ‘The sound waves are picked up by a micro- 
phone, and amplified sufficiently to affect the vibrator of the 
oscillograph. Formerly a carbon microphone was used, but 
the characteristic ‘frying’ hiss of background noise destroyed 
the value of the records for quantitative measurement of the 
high partials. This microphone was superseded by a condenser- 
type microphone, which is built on a different principle, and 
combines a greater fidelity of response with freedom from any 
carbon noise. In order to minimize the possibility of dis- 
tortion due to echoes impinging on the microphone, the walls 
and ceiling of the studio have been covered with Celotex, and 
the floor with carpet. 

With the microphone is associated a system of three am- 
plifying units, which build up the very weak impulse generated 
in the microphone to a strength capable of actuating the 
vibrator. The overall amplification of the condenser micro- 
phone amplifier and intermediate amplifier is approximately 
4500. The output leads from the power amplifier are led 
through the wall of the studio to the oscillograph in the dark- 
room, where they pass through a specially constructed vibrator. 
The whole set-up from microphone to vibrator was designed 
as a unit for the Peabody by the Westinghouse Company. 
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The power amplifier is equipped with a meter which gives a 
visible indication of distortion caused by the grids taking cur- 
rent. The vibrator is the result of recent research by the 
Westinghouse Company in an attempt to combine higher- 
frequency response with reasonable sensitivity. Its response 
curve is practically flat to 3200 dv, shows over 50 percent 
deflection at 6000 dv, and 25 percent at 10,000 dv. The 
response curve of the amplifiers is flat from 40 dv to 7000 dv, 
and shows QI percent response at 10,000 dv.* An auxiliary 
vibrator, of much higher sensitivity (but lower frequency re- 
sponse), is used to record the time-line already mentioned. 

As to the photographic end, we have gotten good results 
by using unperforated moving picture negative film. Most 
of our recording, however, is now done on a special recording 
paper. I[éxtreme caution must be taken with the handling of 
this paper, both before exposure and after, and in the develop- 
ing process. It is extremely sensitive and easily fogged. 

In Fig. 1 is to be seen a dark-room light, which is fitted 
with a Wratten Series 3 Safelight. This gives the dark-room 
operator a faint green light, enough to see to change films and 
reset the 3 relays. (These relays can be seen to the left of the 
lamp.) 

It is necessary to keep the optical system of the oscillo- 
graph clean, and it is advisable to cover the lamp with dark 
material or black paint, except that area which transmits light 
to the vibrator-mirrors. ‘There are several adjustments for 
the optical system, and several on the amplifiers, all of which 
need to be carefully checked. In fact, as the result of several 
years of experience we can warn other investigators to check 
every single detail: condition of storage batteries and B bat- 
teries, emission of tubes, dark-room conditions, optical system, 
freshness of film, freshness of developer, etc., before proceeding 
with records. Any one of fifteen or twenty items may be re- 
sponsible for failure. Figure 9 shows the type of record ob- 
tainable when every detail is checked. It is of the vowel 
‘(n)ah,’ sung loudly by an untrained tenor voice at a pitch of 


‘The designing of the amplifying units and the vibrator is the work of Mr. H. T. 
Rights, Oscillograph Engineer in the Westinghouse Co., who has cooperated with us 
from the beginning. 
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262 dv. The 3d and 12th partials are quite prominent, 
corresponding to frequencies of 786 and 3144 dv. 

One can better comprehend the need of conserving as much 
contrast as possible when he realizes that the little spot of 
light has passed through two prism reflections, one mirror 
reflection, and three lenses in its passage from the little lamp 
to the film; and that frequently it sweeps across the film sur- 
face at a speed equal to that of a fast airplane, which means 
that it must affect a linear inch of the photographic emulsion 
in less than one four-thousandth part of a second. 

Summary.—Apparatus has been described for taking long 
oscillograph records at high film speeds. ‘The method com- 
prises a belt driven by a drum over another, idle, drum, in 
front of which an oscillograph is placed, so that the light from 
the oscillograph may trace a record on a film fastened on the 
belt. Automatic means is described for exposing given 
lengths of film by remote control from the sound-proofed 
studio. Associated apparatus is described. 

The complete set-up has given quite satisfactory results. 
In a recent series of over 700 voice records, about 2500 feet of 
film was exposed. Minor repairs and adjustments were neces- 
sary from time to time, of course, but as a whole it performed 
remarkably well. As a matter of fact, several singers have 
expressed surprise when told that their tone had been photo- 
graphed. ‘They are unable to hear or see anything that would 
give them a clue as to what instant the exposure is made, 
which tends to lessen their ‘microphone stage-fright.’ 


(Manuscript received January 13, 1932) 
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THE EFFECT OF HIGH AND LOW FEMALE SEX 
HORMONE CONCENTRATION ON THE TWO- 
POINT THRESHOLD OF PAIN AND TOUCH 

AND UPON TACTILE SENSITIVITY! 


BY R. YORKE HERREN 
Psychopathic Hospital, Iowa City, Iowa 


Much recent physiological and psychological work on 
animals has been done in relation to the correlation between 
sex hormone levels and motor activity, whether in connection 
with learning (Tsai, 5), with spontaneous activity (Richter, 3), 
or with reflex activity (Herren and Haterius, 2). It seems 
probable from the conclusions drawn by these authors that 
similar results may be expected in the sensory field. Obviously 
the human is the best subject for such experiments. 

With these considerations in mind, two-point thresholds 
for both pain and touch and tactile sensitivity were taken 
within five days prior to the onset of menses, within three 
days following the cessation of menses, and on a day two 
weeks following the onset of the last menses. The five sub- 
jects were young women between the ages of twenty-four and 
thirty-four. In all, eleven complete menstrual cycles were 
tested. 

The apparatus for two-point discrimination was so con- 
structed that a counter weight offset the weight of the stimulus 
points. The latter were allowed to press with a weight 
equivalent totwenty grams. Thefinal reading was the average 
of ten readings approaching the limen from above and ten 
readings approaching the limen-from below. Constant points 
of stimulation were insured by always placing the non-varying 
stimulus point on the point of juncture of two superficial 
vessels and stimulating along a line drawn between this and 
another point similarly located. ‘The volar surface of the 


1The author wishes to express his gratitude to Professor Lee Edward Travis in 
whose laboratory this work was done. 
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lower fore-arm was used in all subjects. Aesthesiometric 
measurements were made by means of a series of graduated 
hairs. The graduations were determined on an analytical 
balance by noting how many milligrams the hair could resist 
without bending. Stimulation for tactile sensitivity was al- 
ways made at a central point on the median interdigital surface 
of the second phalanyx of the middle finger. The right arm 
and hand were always used. 


TABLE I 


Tue THRESHOLDS FOR Two-Point ToucH AND PAIN DESCRIMINATION AND FOR 
TAcTILE SENSITIVITY AT THE PRreE-, Post-, AND INTERMENSTRUAL PERIODS 

















Two-point touch Two-point pain Tactile sensitivity 
threshold in mm threshold in mm in mgms 
Pre- Post- | Inter- Pre- Post- | Inter- Pre- Post- | Inter- 
Sub- Cy- men- men- men- men- men- men- men- men- men- 
ject cles strual | strual | strual | strual | strual | strual | strual | strual | strual 
period | period | period | period | period | period | period | period | period 
‘-H 3 21.6 | 27.9 | 28.8 | 18.6 | 24.9 | 24.7 .O4 .08 .09 
F-R.. 4 24.0 | 29.9 | 30.8 | 25.7 | 32.0 | 32.4 Il 30 30 
F-M.. 2 19.8 | 25.2 | 27.7 | 14.1 |] 26.4 | 29.0 | .07 10 .08 
E-K .. 2 23.4 | 25.9 | 23.3 | 22.7 | 25.4 | 24.0 .O9 10 .20 
P-T... I — — — — — — .10 21 .20 



































Table I shows the two-point thresholds in millimeters and 
the tactile sensitivity in milligrams for the three periods of 
recording. It will be seen that the premenstrual readings 
show considerably lower thresholds than do the post-menstrual 
readings. Intermenstrual readings more closely approximate 
postmenstrual. 

By a biological assay it has been shown recently by Frank 
(1), that in over two hundred normal women, the female sex 
hormone (follicular hormone) builds up from a low level to a 
peak in the seven days preceding menses and that the first 
day of menstruation initiates a sudden fall in this level as the 
hormone escapes from the circulation by way of the kidneys 
and menstrual flow. ‘There is another slight rise in the blood 
level at about the seventeenth day of the intermenstrual 
period. While the blood of our subjects was not extracted 
and tested to absolutely determine its potency in regard to 
hormone content it is assumed that our subjects fell into the 
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normal group, as defined by Frank’s test, since all of them 
were regular in their cycles and suffered none of the abnor- 
malities of menstruation. ‘This lowering and heightening of 
the two-point thresholds and the limen for tactile sensitivity 
corresponding respectively to an increase and decrease in sex 
hormone concentration in the blood indicates that the hormone 
increases the sensitivity of central nervous system cells to 
incoming impulses. The mechanism of this influence is un- 
known. ‘That the equilibrum between higher and lower motor 
levels is shifted corresponding to fluctuations in sex hormone 
concentration has been demonstrated in rats by Herren and 
Haterius (2), who showed an increase in the inhibitory action 
of the upper motor neurone on lower neurone arcs during 
oestrus and a release of this action during dioestrus. In work 
to be published elsewhere Herren and Haterius have further 
shown that the mechanism for this phenomena is the sympa- 
thetic system over which impulses pass to the cord and hence 
to higher levels. In our human subjects an attempt was made 
to reproduce the results obtained on normal rats by recording 
achilles and patellar reflex times during the premenstrual and 
and postmenstrual periods. The apparatus and method have 
been fully described elsewhere (4). However, in four subjects 
no change in reflex time was found to be associated with 
changes in hormone level. This may have several explana- 
tions. The more evident one is that physiologically changes 
in hormone level are not of equal importance in lower animals 
and human beings and secondly, that the human being, by 
virtue of a more complex nervous structure, is not so much a 
slave to internal or external environment as are other mam- 


mals. 
SUMMARY 


1. In five normal women followed through eleven men- 
strual cycles a high concentration of female sex hormone 
(follicular fluid) in the blood corresponded with a lowered 
threshold for two-point touch and pain descriminations and 
for tactile sensitivity, the opposite was also true. 

2. For similar conditions no change in reduced reflex time 
could be demonstrated. 


(Manuscript received January 29, 1932) 
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SENSATION CUES TO MOISTURE 


BY C. E. LAUTERBACH AND REX E. CROUSER 
West Virginia Wesleyan College 


In speaking of the skin senses Woodworth (Psychology, 
Revised, p. 317) makes the statement that “‘ Moist is a blend 
of touch and cold.” This statement suggested the possibility 
of demonstrating temperature as a moisture cue by combining 
wetness and dryness with variable temperature conditions 
and noting the amount of error involved in judgments of wet- 
ness and dryness by tactile discrimination. ‘The wet-dry 
conditions were conceived to be almost ideally present in com- 
binations of water and mercury. After considerable pre- 
liminary investigation an experimental set-up was effected 
as follows: 

1. Four beakers with a capacity of 1000 ccs each were filled 
with water and placed in an electrically heated water bath set 
to maintain a temperature of 37° C. Four other beakers were 
placed in a bath set to maintain a temperature of 20° C. 

2. Eight thistle tubes measuring 3.5 cm across the top were 
cut off and sealed 8 cm from the bowl. ‘These were half filled 
with mercury and suspended one each in the beakers. Sus- 
pension was effected by cutting a hole 3 cm in diameter in 
a piece of heavy asbestos board (13 cm X 13 cm) and inserting 
the tube in the hole. A column of mercury thus extended into 
the water and by conducting the heat from the water to the 
bowl a fairly constant temperature was maintained. 

3. Into cwo of the tubes carrying a temperature of 37° C 
water was poured to a depth of approximately 3 mm. The 
same was done with two tubes carrying a temperature of 20° C. 
The tubes were identified by the letters 4, B, C, and D with a 
plus sign for wetness and a minus sign for dryness. The 
following conditions were obtained: 


Tube 4 Wet (+) 37°C (H) 
B Dry (—) 37°C (A) 
C Wet (+) 20°C (L) 
D Dry (—) 20°C (ZL) 
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The tubes were used in combinations as follows: 
AD Wet 37° C; Dry 20° C 
BC Wet 20° C; Dry 37° C 
BD Dry 37° C; Dry 20°C 
AC Wet 37° C; Wet 20° C 
CD Wet 20° C; Dry 20° C 
AB Wet 37° C; Dry 37°C 


Two identical sets of beakers were provided which could be 
used alternately. While one set was being used the other was 
in the bath regaining its temperature. Each set was used for 
a period of approximately ten minutes at a time with a 
maximum temperature variation of about 1° C. 














q 4 


Fic. 1. Apparatus used in experimenting in sensation cues to moisture. 





4. The subject was provided with rubber gloves from 
which the forefingers had been cut. He was seated at a table 
with his arms through a screen and then given the following 
typewritten instructions: 
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‘This is an experiment in sensation to determine one of 
the cues to wetness or moisture. Certain substances will be 
presented to you for tactile inspection and you will be asked 
to state whether they feel wet or dry. There is no trickery 
about the experiment; it is serious in intent and scientific in 
procedure. Follow the instructions of the experimenter very 
carefully. Do not ask questions. The results of the experi- 
ment will be made available to you at a later time.” 

It became necessary to supplement these instructions with 
the directions to hold the forefingers perfectly still and to make 
no exploratory movements during the experiment. 

5. The four beakers 4, B, C, D were placed on the table 
upon a small revolving platform. The forefingers of the sub- 
ject were simultaneously immersed in two of the pools and the 
question was asked, “‘Which one is wet?”’? The response was 
right, left, both or neither but no instructions were given, the 
nature of the response being left to the initiative of the subject. 
A blank for recording responses was provided. After each 
immersion both of the subject’s fingers were wiped with a dry 
towel. ‘Twenty trials were given on each of the six combina- 
tions, one trial for each combination in the order 4D, BC, CD, 
AB, BD, AC. The beakers were changed four times to assure 
constant temperature. At each change the relative positions 
of the beakers on the table were changed to prevent the 
establishment of memory cues, as follows: 


a 
osition I Gp Position 3 Gp 
DB AC 


Position 2 Cd Position 4 DB 


Following Woodworth, the experiment was begun on the 
theory that a relatively low temperature yielded a wetness cue. 
The first conclusion revealed by the results is that while this 
assumption is correct in the majority of cases, there are 
clearly defined exceptions. This fact dawned upon the ex- 
perimenters as a complete surprise. It is, however, clearly 
demonstrated by cases 8 and 9 where 78 percent of the judg- 
ments favor the presence of wetness in combination with the 
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TABLE I * 
AD BC BD | AC Totals of rows CD | AB Totals of rows 
5 i HL | HL | HL | HL ‘LL | HA 
+ —-|-— +/-— -|4 +|H44+]14+|B+|N+ +-|+-| +] -|] BIN 
I Hj} oj] 2] of 3 +i 3 I 
L | 12] 16) 14] 15 —| 3 I 
Bi 4] 2 2 I B\ 16} 2 
A 4} O| 4 I 51571 9| 9I|N] of 16] 2] 4418] 16 
2 1} 9| §|12] o +| 7] 9 
| Pa ie 6 one 0 8 | 20 —| 13] 3 
B Oo! O}] of] o Bil of o 
N Oo} o| of of 26] 54] of O| NN} of of 16] 24] Of O 
3 Hj} of} of of 3 +i 3] 2 
L | 20 | 20] 20] 17 —| 1 2 
Bio} of of o B\ 16] 1 
N ©} O| of O| 3177] Of O|N] of 15] 5] 3117/15 
4 H 3} Oo} I] Oo +] 7] 0 
L {| 14] 13} 9 | 18 —!| o| 2 
B 2171 61-2 Bi 13) 8 
A I O| 4] O| 4154117) s|N] oo] 10] 7] 2] 21/10 
5 I} o| 1 2] 0 +| 6] 2 
L 1171) 16}] 9] 18 —| o| 4 
Bi 2] 3] 8 I Bi 12] 8 
N I} oj] 1 I 3160/14) 3|Ni 2] 6] 8] 4]20] 8 
6 H 5} 6] 7] 4 vr 271 3 
L {10} 12] 1 | 14 —|{ 8 | 10 
B 5 2 I 2 Bi 4] 5 
N Oo} oO I o| 22/47 {10} 1|N] 1 2} 10] 18] g] 3 
7 H | 13 | 12] 11 | 12 +} 6] 3 
L 6}; 8| 9] 8 —| 3 2 
B Oo} o| oO} Oo B\ 1) 12 
N I Oo! of} of 48} 31] oO} rt{/N]i to] 3 9} 5 | 13] 13 





















































* The table shows the number of wet-dry judgments rendered in six comparisons 
of twenty trials each of various combinations of temperatures, wetness and dryness. 
The letters 4D, BC, BD, AC, CD, and AB represent combinations of temperature and 


wetness as follows: 


LOO ETE Tee ef 
sb nkddeekbadidendeennkectaken dry 37°C. 
EEE ee Tees ee 
Ps pektedene case bnd beak ee cahns dry 20°C. 


The letters H, L, B, and N stand for High, Low, Both and Neither respectively. The 
plus sign (+) indicates wetness; the minus sign (—), dryness. All judgments are 
rendered with reference to the question “Which one is wet?” The table is read: 
Subject No. 1, in the combination 4D, rendered no judgments in favor of wetness when 
the temperature was 37° C (H) and wetness was present (+); 12 judgments in favor of 
wetness, when the temperature was 20°C (L) and wetness was not present (—); he 
rendered 4 judgments that both (B) items in the comparison were wet when in fact one 
was wet and one was dry; he rendered 4 judgments that neither () item was wet when 
in fact one was wet and one was dry. 
















































































332 C. E. LAUTERBACH AND REX E. CROUSER 
TABLE I—Continued 
AD} BC | BD | AC Totals of rows CD | AB Totals of rows 
+ ag HL|HL\|HL| AL LL | HH |_ 
+ —-|— +|- -|+ +/4+|L+/B+|N+ +-|+-| +| -| BIN 
~ H | 16) 17 | 171 13 +1 71 4 
L)} 3} 3] ©] 5 =i 65 ¢ 
B I o}]| Oo I B\ of 12 
N Oo} Oj} 2 1/63/12] 2] 3]N] 12] of uu 5 | 12] 12 
9 Hs | 13 | 16] 16 | 18 +i 71 7 
Li zieal4l 2 =i 91 & 
B Oo} of of o B\| oo] 3 
N Oo} o| of of 63/17] of o| NI 4] 2114] 17] 3] 6 
10 ij} 9} 15 8 +11 7 
L 9g} Il 2 iss —!| 9| 13 
B o| o| of o Bi} oo] o 
N Oo} o| o| Of} 43137] of OJ N]| of Of 18] 22] oO} O 
II H 6} 4{| 6] 9 +| 7] 6 
L 8} 14] 12] 8 —| 3 3 
B Oo} o| of o Bi; 8 3 
N 6) 2] 2] 3125} 42] of 131/N] 2] 8] 13] 6] 11] 10 
12 H 9} 6/11 7 +] 10] 5 
LE} 6] 8} 4] 5 —| 4] 4 
B 5 5 2] 6 B\ 4] 10 
N]{] o] rt] 3] 2133] 23 [18] 61/N] 2] rt] ] 814] 3 
13 H}10}; 11] 11 7 +] oOo] Oo 
L 91 81 9] 5 —| I fe) 
B I I o| o B}\ 17 | 19 
N Oo}] o}] of 8] 39] 31] 2} 8I|N] 2 I fe) 1 | 36] 3 
4 |H}] 8) 4] 5S] 3 +} 8] 9 
Lj} 2/1} 5} 9 =i 31 3 
B 6 4 5 8 Bi 8 6 
N 4 I §| Of 20] 271/23} 1o|/N] 1 2117} 61/14] 3 
15 H 2 2 fe) I +] 2 2 
L {174} 17 4 18 | 16 —| 2 I 
B I I 2/1 3 B\ 16] 6 
N Oo} o| of of 5{68] 7] of N}] oj 1 4] 3 |22] 11 
16 H o| o}| Of} oO +} 6] 2 
L | 20 | 20} 20] 20 —| 12 I 
Bio] of of o Bi 2] 0 
Nj} oj} of Of Of Of 8Of of O| N] of 17] 8] 13] 2417 
17 H I} of 3] 0 +/| 4] o 
L |} 17418 | 17] 19 —| 3 2 
B 2} 2] oO] o Bl 13) 15 
N O}| o|] o I 4}/711 4) riNi of 3] 4] 5§ | 28] 3 
18 H o]1 0 I ° +] 3 fe) 
L | 20 | 20 | 19 | 20 —| o| o 
Bio} of of o Bi 17} o 
Ni of of of of] tr} 79] Of O|N] of 20] 3] Of 17] 20 
19 H I Oo] Oo] Oo +/ 6] 3 
L | 18 | 20] 18 | 20 —| I I 
Bio] oj] 1 O B\ 13] 0 
N 1} o}| rt] of t] 76] 1] 21/N] of 16] gf] 2413] 16 














er, 


er 
ery 


SENSATION CUES TO MOISTURE 


18 








13 





II 





Totals of rows 


17 











AB 


HH 


NO mm 





CD 


LL 














43 
51 





Totals of rows 


33 
29 


33 








TABLE I—Continued 
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TABLE II 

SHOWING THE ‘ToTALs oF Rows’ 1n TABLE I 1n TERMS OF PERCENTAGE 
Case No.| H+ L+ B+ N+ - _ B N 
I 6 72 II II 5 fe) 45 40 
2 32 68 fe) fo) 40 60 fe) fo) 
3 4 96 fe) fe) 12 7 43 38 
4 5 68 21 6 17 5 53 25 
5 4 75 17 4 20 10 50 20 
6 28 59 12 I 25 45 23 7 
7 60 39 O I 23 12 33 32 
8 78 15 3 4 28 12 30 30 
9 78 22 0 Oo 35 43 7 15 

10 54 46 O ° 45 55 o 
II 30 53 oO 17 33 15 27 25 
12 41 29 2 7 38 20 35 7 
13 49 38 3 10 O 3 go 7 
14 25 34 29 12 43 15 35 7 
15 6 85 9 fe) 10 7 55 28 
16 fe) 100 fe) fe) 20 32 5 43 
17 5 89 5 I 10 13 7° 7 
18 I 99 O fo) 7 fe) 43 50 
19 I 95 I 3 23 5 32 4° 
2 35 64 I fe) 47 38 15 fe) 
21 41 59 0 oO 43 55 2 oO 
22 9 82 9 O 48 25 25 - 
23 22 77 fe) I 40 27 IO 23 
24 6 93 0 I 20 : 33 45 
25 18 82 O O 60 40 fo) O 
26 68 17 10 5 30 30 33 7 
27 54 37 5 4 17 38 40 5 
28 41 54 5 oO 35 30 30 5 
29 36 64 O O 62 38 fo) fe) 
30 32 49 10 9 20 35 20 25 
31 10 72 3 15 20 37 23 20 





























higher temperature; and is strongly suggested by cases 7 
and 26 where 60 percent and 68 percent respectively of the 
judgments favor the presence of ‘wetness in combination with 
the higher temperature. Notes taken at the time of the ex- 
periment indicate the same fact. For example: ‘You can 
feel water better when it’s warm.” ‘‘The warm ones felt 


wet.”” “I could tell that some of them were wet because 
they were warm.” It is evident, then, that a warm tempera- 
ture serves as a moisture cue for some individuals. 

If we accept 70 percent of judgments favoring wetness in 
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combination with either high or low temperature, as sufficient 
to indicate a definite cue, we find fifteen cases out of thirty- 
one which show a well defined tendency to perceive moisture 
in terms of temperature. These fifteen cases are Nos.1, 3, 5, 
8, 9, 15, 16, 17, 18, 19, 22, 23, 24, 25, and 31. Of these, two 
cases (8 and g) perceive moisture by a warm cue; thirteen 
cases, by acold cue. These conclusions are based on the four 
HL combinations with the wet-dry condition variable. 

If we examine the remaining cases we find other evidences 
of a definite temperature cue but it is difficult to compare such 
evidence with any sortof common measure. Case No. 2 shows 
68 percent of the judgments favoring low temperature as a 
perception cue, not quite enough to satisfy our criterion of 
70 percent. But if we turn to the right half of Table 1, where 
the temperatures are kept constant in the two combinations, 
we find 40 percent of the judgments favoring wetness and 
60 percent dryness. In other words, when the temperature 
comparison is lacking the subject’s perception of moisture is 
reduced to guessing. 

In case No. 4 there is likewise a 68 percent judgment in 
favor of low temperature, slightly less than our criterion, but 
when we examine the LL-HH combinations we find 100 per- 
cent (7+13, Table 1) of the judgments favoring wetness in 
one or both pools when the temperature was low and only 
50 percent (2+8) of the judgments favoring wetness when 
the temperature was high. Introspective notes taken at the 
time of the experiment indicate a definite cold cue for moisture 
“The cold ones always feel wet”’ is the subject’s testimony. 

Case No. 6 shows no definite evidence of a cue unless it is 
the ratio between the number of judgments favoring low 
temperature and those favoring high temperature. ‘This ratio 
is a little over two to one (59 to 28) in favor of acoldcue. The 
notes say that the subject could tell the wet ones because they 
were colder. 

Case No. 7 suggests a warm cue, 60 percent of the judg- 
ments favoring warmth in the HL combinations. The LL- 
HH combinations offer supporting evidence in that wetness 
is favored in only 50 percent (6+3+1) of the judgments when 
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the temperature is low whereas 85 percent (3+2+12) of the 
judgments favor wetness in one or both pools when the tem- 
perature is high. The subject says warm means wet; cold 
means dry. 

In case No. 10 the evidence is entirely inconclusive. The 
subject evidently does not have a temperature cue for mois- 
ture. The notes say he “‘couldn’t tell unless he moved his 
finger. Almost perfect when he moved his finger. Almost 
altogether guess work with fingers still.”’ ‘“‘I could feel the 
water soaking in,” he says. 

Case No. 11 is similar to No. 4; but the evidence is not 
quite so conclusive. Density seems to have been a sup- 
plementary cue. ‘I could tell that mercury was heavier than 
water.” 

Case No. 12 affords no conclusive evidence, though it 
seems to favor warmth as acue. The subject said he didn’t 
guess. ‘‘They just feel wet, that is all.” 

Cases No. 13 and 14 seem to be as inconclusive as No. Io. 
Cases No. 20 and 21 seem to favor a low temperature cue 
(64 percent and 59 percent) but corroborative evidence is 
lacking in the LL-HH combinations. 

Cases No. 26 and 27 seem to favor a high temperature cue 
(68 percent and 54 percent). The evidence in the LL-HH 
combinations is inconclusive. However, the notes for No. 26 
read: Question—‘* What makes you think itis wet?”” Answer: 
‘‘It was warm. You can feel water better when it’s warm.” 
For No. 27 the notes read: ‘““ The warm ones were wet because 
I could tell that they were lighter than the cold ones and water 
is lighter than mercury.” 

In case 28 the evidence is contradictory. The data seem 
to favor a cold cue (54 percent) supporting evidence from the 
LL—-HH combinations but the notes say ‘“‘Warm ones feel 
wet.” 

In case 29 we have a similarcondition. The data seem to 
favor a low temperature cue (64 percent )without supporting 
evidence from the LL—HH combinations but the notes read— 
**T could tell that some of them were wet because they were 
warm.” 
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The evidence in Case No. 30 is inconclusive. Apparently 
density was a moisture cue, for the subject says, ‘‘Sometimes 
they felt as if they were real thin; sometimes, real thick. [| 
think the thin ones were generally the wet ones.” 

The data may be summarized by saying that in fifteen 
cases (I, 3, 5, 8, 9, 15, 16, 17, 18, 19, 22, 23, 24, 25, and 31) 
we have practically conclusive evidence of a definite tempera- 
ture cue in the perception of moisture. In nine cases (2, 4, 6, 
7, 11, 20, 21, 26, and 27) there is a reasonable presumption of 
a definite moisture cue. In five cases (10, 12, 13, 14, and 30) 
evidence is inconclusive; in two (28, 29) it is contradictory. 
In the 24 cases in which evidence indicates a definite tempera- 
ture cue, or their is a reasonable presumption of such a cue, 
19 favor a relatively cold temperature; 5 a warm temperature. 

A study of the data shows further that there are probably 
other cues which are perceived as moisture. Among these is 
density. 

Exploratory movements seem to be a great aid in the per- 
ception of moisture, as of course, they are in other perceptions. 
Several subjects testify that their judgments are largely guess 
work until exploratory movements are made. 

A feeling of the ‘creeping’ of water along the finger may be 
acue. This is capillary attraction and from a chemical stand- 
point, the essential characteristic of moisture. One subject 
says, ““I could feel the water soaking in.” Another says, 
‘Along towards the last I could feel the water creeping up 
along my finger and in the dry ones there was just one line.”’ 

Evaporation plays an important part in the perception of 
moisture. Several subjects testify that they were able to 
check their responses immediately after the fingers were re- 
moved from the pools: “‘I could answer better after I had my 
fingers out.” Another said he could always tell which was wet 
after he had removed his finger, and could tell when he was 
mistaken. “I think I am right when I have my fingers in 
there, but when I take my fingers out I can tell that I’m 
wrong when the air strikes my fingers.”’ 

We may summarize our conclusions as follows: 
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1. Temperature is a moisture cue in the case of many, but 
not all, individuals. 

2. Moist is not necessarily “‘a blend of touch and cold.” 
If it is a blend, then it frequently is a blend of touch and 
warmth as well. 

3. The presumption is strong, though not scientifically 
demonstrated, that other cues such as density, capillary attrac- 
tion, and evaporation, are often interpreted as concomitants 
of wetness. 


(Manuscript received January 29, 1932) 











THE DURATION OF CUTANEOUS SENSATION (1) 
AND THE IMPROVEMENT OF ITS SENSIBLE 
DISCRIMINATION BY PRACTICE (II) 


BY K. C. MUKHERJEE 


Dacca University 


I 


The experiment consists of two parts. The part chosen 
for the two experiments is the same 1.¢. a small area—say 
b—of the left forearm about 50 mm from the wrist on its 
palmary side. An electro-magnetic pointer with an hair at- 
tached to its end was used for the experiment. It was then, 
through electric connection, attached to a metronome. So 
the rapidity of successive contacts was determined by the 
beats of the metronome and was gradually increased till they 
fused to an unitary sensation. By the application of this 
method it is observed that only two or three contacts in the 
sec. are felt as just separate, and so the duration of the sensa- 
tion of moderate intensity varies from .5 to.3 sec. But when 
the intensity of the stimulus is greatly increased or it becomes 
rather painful the duration is much altered. Not only the 
sensitivity of the areas but also the intensity of the stimuli 
employed affects considerably the duration: At the tip of the 
finger the number of the separately felt contacts increases per 
second and so the duration decreases while the intensity of 
contact is moderately felt. ‘The objective intensity of con- 
tact varies subjectively in different areas of the skin. As 
the felt intensity of the stimulas is greater, the lingering 
sensation continues longer and so the duration increases. The 
results of this experiment given by other observers are widely 
divergent.!. The subjective difference of the intensity of con- 
tact may have caused greatly this varying result. The sub- 
ject A observes that though the continuity of contact is quite 
clear, but still a vague feeling of succession seems to be mixed 

1 Kulpe, Outlines of Psychology, p. 383. 
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in it. It appears that the stimulation spreads over to the 
neighbouring points in varying intensity and subsides therein 
earlier than in the point directly stimulated—thus causing the 
vague feeling of succession inter-mingling with the fusion. 
The wide divergence of results may also be due to the want 
of proper discrimination on this point. 


II 


The same area which was explored for the duration of the 
contact sensation was used to determine the improvement of 
its discriminative delicacy by practice. In making this ex- 
periment Spearmann’s esthesiometer was used. The experi- 
ment was each day taken twice almost at the same time with 
two subjects—one male and the other female, and was con- 
tinued over a month. At each sitting thirty observations 
were made with each subject. The subject remained blind- 
fold with the arm comfortably placed on a ‘felt.’ The esthe- 
siometer was applied to the skin uniformly and the distance 
between the points of contact was gradually increased or de- 
creased as required for the method. In order to put off the 
effect of fatigue, too many observations at one sitting were 
carefully avoided by dividing the series into three parts—and 
allowing a pause of ten minutes after the completion of each 
part. ‘The regularity of the interval of 3 seconds between the 
successive applications of the esthesiometer was throughout 
maintained. The following table will show the space limen 
in mm of each subject. 

There is practically no difference of discrimination which 
can be marked in the observations of the subjects in their 
morning and evening sittings. It is also difficult to say, on 
the basis of a single instance that the variability of space limen, 
as shown in the table, is greater for the woman than for the 
man. The table shows that the discriminative delicacy im- 
proves greatly in the third and the fourth weeks of the ex- 
periment. Now the question arises—whether this improve- 
ment is particularly peripheral or central; that is to say 
whether the improvement is only of the particular part exer- 
cised or it is an improvement of sensible discrimination of 
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I 
Subject I (Woman) | Subject II (Man) 
Date 
M E M E 
November 3 .| 20mm | 21mm] 114mm] i15 mm 
November 4.2.2.0 cccecccccccccccccccccccse! 50MM | 19 mm] 16 mm i 3 mm 
ET ens eke de nd bade aeaene ie be caeen I2mm/]17mm| 15 mm] 17 mm 
EE ME oe akan 56h ehbe eb dbase euhae 20mm {15 mm] 15 mm| 14mm 
Nidal one teas ihe Aneel ale aie 1iomm| gmm|i2mm] 15 mm 
ET eee ree 9mm] 9mm] 13 mm| 14 mm 
November 9g. eee ee eeceeeeeceees] 9MM] 8mm] 13 mm] 12 mm 
Av. space limen 1st week............ 0.0000 ee. 13.7 mm] 14 mm | 14 mm |14.2 mm 
a oi ek aia bal ia te ak Bs eae ig le g9Qmm]{] g9mm]i12mm| iomm 
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contact in general and so its effect is to be found also in distant 
parts of the skin. Wundt views “the difference in the 
structure of the sense organ is the chief cause of the different 
quality of the sensation. ...” So all the qualitative dif- 
ferences which belong to any single organ have their necessary 
basis in the smaller variations, which may appear in the 
structure, or in the arrangement of the end organ. This 
view may not be much directly related to the question, but 
its indirect bearing on it is quite clear. It is a peripheral 
account of the local sign and suggests, on that basis an ex- 
planation of the improvement in which the local sign is also 
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involved. Dressler believes definitely that the improvement 
is local 1.e. to the exercised part alone. But he admits he has 
not observed experimentally whether the sensibility is as a 
result raised outside.? 

For proper investigation on this point the discriminative 
sensibility of three different points on each of the two forearms 
of each subject was, at the beginning recorded and then 
compared with the sensibility as afterwards found of the points 
after the completion of the experiment. The results are given 
in the table II for comparison. 




















II 
Left fore-arm Right fore-arm 
Subject I 
a b c d b’”’ e 
eer a 20 22 21 22 18 
PUP ONIN ok av sts cccsccces 4 3.2 5 4 4 5-3 
Subject II a b ¢ d b’’ e 
errr rrr ae 14 12 16 15 15 
pre ee 7 5.2 8 9 7 6 























b is the exercised part of the left forearm and 5” its sym- 
metrical part of the right forearm while a, c; and d, e; are the 
non-symmetrical parts taken on them. The table shows that 
the improvement is most in the exercised part but its effect is 
greatly noticeable also in other parts. It cannot here be said 
definitely that the symmetrical parts evince any greater effect 
of the improvement. After a week’s interval the experiment 
was again made, but it was then found that the improved 
sensibility was greatly lost. _ 

? Dressler, Psychology of touch, Amer. J. Psych., 1893, p. 329. 














